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February 7th, 1958, 


The Royal Commission on Canada's Energy Resources. 


Gentlemen $ 

By order of the Board of Governors of the Canadian 
Petroleum Association, I submit herewith the Association's 
studies on subjects of concern to your Commission as 
listed in the table of contents, 

The purpose of this submission is to acquaint the 
members of the Commission with the problems facing the 
exploration and production phases of the Oil and Gas 
Industry in Canada, 

In order to assist the Commission, additional 
statistical information regarding marketing and refining 
facilities have been included in this submission, 


Respectfully yours, 
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John W, Proctor 
General Manager: 


For and On Behalf of The Canadian Petroleum Association, 
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Introduction 

The Canadian Petroleum Association is an association of some 
274 =xploration and Producing Companies which together produce 97% 
of the Cil and Gas produced in Canada. The Association also has 63 
Associated member companies whose business is ancillary to the search 
for and production of oil and gas. 

The principal purposes of the Association are: 

{i) To establish better understanding between the petroleum 
and natural gas industry and the public; 

(ii) To encourage cooperation between the petroleum and natural 
gas industry and Federal, Provincial and local governments, 
and other authoritative bodies; 

(iii) To provide a forum for the discussion of matters affecting 
the welfare of its members; 

(iv) To foster better understanding between this Association 
and other organizations with similar objects and purposes. 

The Association is governed by a Board of Gcevernors elected 

annually by secret ballots. Each company regardless of its financial 
structure or the extent of its activities, has only one vote. 

The Association is further sub-divided into: 

(1) Alberta Civision with its own Board of Directors. 

(2) Saskatchewan Livision with its own Board of Directors. 

(3) <A Standing Committee for British Columbia. 

(4) A Standing Committee for Manitoba. 

(5) <A Standing Committee for The Northwest Territories. 


(6) 60 Standing Committees dealing with Industry Problems. 
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The Board of Governors is responsible for co-ordinating policy 
among the divisions and committees and for overall Canadian Policy. 
The constitution of the Association allows for the establishment of 


further Divisions as the industry expands in other parts of Canada. 


As a service to its members the Association maintains a 
Statistical Department, and periodically issues industry statistics 
of interest to its members and to Governmental and hegulatory 
Bodies, Among these Statistics are estimates of reserves of oil 
and gas compiled from data furnished by member companies, 

Owing to the highly competitive nature of the oil and gas 
business the members regard their estimates of reserves as 
confidential records and give them to the Canadian Fetroleum 
Association only on the understanding that they will be held in the 
Strictest confidence. ‘Without this understanding no information 
would be given, and the C.P.A. would be unable to compile accurate 
records, 

Reserve estimates are compiled by areas in such a manner 
that no member of the Reserves Committee knows what the total 
reserves of any individual company are, but only knows its reserves 


in the particular area to which he has been assigned, 


The following information and data deals only with the industry 
as awhole. For the purposes of this brief in matters and problems 
of the industry of a controversial nature where the Association cannot 


represent the policy of all its members, no recommendations are made, 
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as the Association cannot show partiality towards any one group. 


Therefore, in preparation of this Brief, the Association 


has been able to deal only with the subjects on which there is no 


apparent conflict of opinion or interests among its members. 
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PRESENT PROVINCIAL POLICY TOWARDS EXPLORATION, DEVELOPMENT, 
DRILLING, CONSERVATION AND PRODUCTION, 


The policies of all four western provincial governments are sufficiently 
similar that they can be commented upon collectively, the comments 
upon one, generally speaking, being applicable to all four, 

Broadly speaking, provincial government regards the petroleum industry 
as a partner in the industrial progress of the province, Its policy is 
to encourage development of its mineral resources by private enterprise 
and obtain a just land owner's revenue for the people of the province at no 
financial risk, Rights to explore and produce are sold and leased on 
terms sufficiently stringent to yield a handsome return to the provincial 
treasury (In Alberta some $700 million in the past eleven years) and 
sufficiently lenient to have attracted an influx of risk capital in excess of 
$3 billion, Stability of Government and a declared intention not to enter the 
oil business in competition with industry, have also been considerable 
factors in attracting risk capital, 

Regulations in force are aimed largely at maintaining equity among 
all producers large and small, ensuring efficient operation and the 
prevention of waste or over production and encouraging active exploration, 
While strictly enforced they are generally not so onerous that industry 
can not live with them agreeably, 

However, Governmental Authorities maintain a rigid control upon its 
mineral resources, by means of permits, licences, etc, and virtually no 
operation can be undertaken without government consent, This is particularly 


true in the matters of export of natural gas, 
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For example, For some years, the Province of Alberta would not 
allow any natural gas to be exported from the province, When it was 
proved conclusively that the gas resources were far in excess of the 
provinces needs in the forseeable future, it permitted export of the 
surplus, Estimates of reserves and provincial requirements are revised 
each year, and only the surplus is considered available for export permit, 
A eR Gner ate atmosphere exists between industry and Provincial 


Government at all levels, Round table conferences to discuss problems 


Which arise are of fairly common occurrence and are mutually beneficial, 
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INVESTMENT AND ECONOMICS 

Statistical data on expenditures and income of oil and gas producers 
in Western Canada have been compiled and analyzed for the period 1951- 

56, This period was chosen because published records of industry expen- 
ditures are not available for prior years, However, we feel that this period 
taken as a whole, gives a realistic insight into the unusual economics of 

oil and gas exploration and production, 

Investment in Crude oil and Natural Gas Reserves 1951-56, 

Acquisition costs (land acquisition and rentals, geologica] and 
geophysical, exploratory drilling) are the largest expenditures of the 
industry and a major portion of them resulted in neither oi} nor gas 
production, In many cases, although resulting in production, the po- 
tential income developed is less than the amount invested in the prospect, 

Almost all expenditures under "acquisition costs’ were directed 
primarily towards exploration for oil, Results indicate a favorable 
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discovery rate for natural gas, but in very few instances was explor- 
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ation directed towards its discovery, The extremely long delay between 
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investment and income, resulting in a lengthy payout, minimized the 


pace 


incentive to explore for natura] gas, The rate of return on investment 


————a 


Tee with the length of the payout period, Restricted crude oil 
production oe as it prevails to a large degree at the present time -- 

will lengthen the payout and thus reduce the rate of return on investment, 

If this situation should prevail for a prolonged period, it will have 

the same effect on exploration for oil as it has shown on exploration for gaS- 


Development costs are mostly the charges for the completion of wells 


to make possible the withdrawal of the reserves discovered, It must 
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be realized, when considering these expenditures, that natural gas re- 
serves have only been developed to a very limited extent, In future 

years, vast sums of capital will be required for development wells, field 
equipment, and processing plants before revenue can be derived, Invest- 
ment statistics for 1957 are not available but they will, to some de- 

gree, reflect higher development expenditures as producers commenced 
the development of gas discoveries to meet the requirements of the Trans- 
Canada and Westcoast Transmission pipe lines, 


Wildeat drilling records for British Columbia and the Prairie Pro- 


| vinces show that, from 195] to 1956, the 3,722 wil:dcat tests drilled, 


found 67 commercial oil and 134 commercial gas fields, or 1 oil to 2 gas, 
(commercial being defined as the discovery of reserves of more than one 
million barrels of oil or 10 billion cubic feet of gas), In the same 
period, development statistics show only one gas well completed for 


every 19 oil wells, 


Income from Production 1951 - 1956, 


Oil and gas produced during this period brought in $1,453 million, 
From this must be deducted a royalty share for the holder of the mineral 
rights and the operating costs associated with the withdrawal of the 
reserves, 

Industry Cash Position 1951 - 56 

During the period 1951 - 56, the industry invested $1, 89 in exploration 
and development of reserves for every dollar of operating income, thus 
incurring a cash deficit of $936 million, The deficit is still increasing 
after more than 10 years of success ful operations, 

The extensive investment of $1,991 million has been made with the 


belief that the reserves found - both oil and gas ~- could be produced and 
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says 

sold with a reasonable dispatch, The strength of the industry and future 
expansion depend directly on the prospects for the recovery of not only 
the present cash deficit, but also the recovery of new investment, in a 
reasonable period of time, The investment climate must be kept 


sufficiently appealing to foster re-investment and to attract new risk capital, 
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PAC 
ESTIMATED INVESTMENT AND INCOME 1951 ~ 1956 


INVEST MENTS 


Acquisition Cost 


Land Acquisition & Rentals $483,100,000 “ 
Geological and Geophysical $398, 800,000 
Exploratory Drilling $421,500, 000 
$1, 303, 400,000 
Development Cost $687, 300,000 
TOTAL INVEST MENT $1,990, 700, 000 
INCOME 


Value of Production 


Crude Oil $1,403, 600,000 
Natural Gas 49,000,000 
$1,452, 600,000 


Less Royalty Payments(at 12,5%) 181,600,000 
Less Production Expenditures $ 216,100,000 
Income from Production $1,054, 900,000 


NET CASH DeaFicir $ 935,800,000 
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Long Term Investment Analysis 

Through the future sale of the oil and gas reserves discovered in 
the period 1951 a 56, producers look forward to an eventual profit, To 
illustrate this, a summary of costs on a "per barrel basis" has been 
prepared, 

For simplification a constant production life of 20 years was 
assumed, Normally large fields produce over a longer period, and delays 
between exploration, discovery, development and production must be 
included when considering interest charges. 

At present, there are over 700 gas wells in Alberta which have 
never been produced, representing an investment of over $60 million 
in well costs alone, Some of these wells were drilled as early as in the 
1930's, The risk capital ventured in their drilling has not as yet pro~ 
duced any return and the cost of carrying these unproductive investments 
appreciates rapidly throughout the years. 

Reserves to the petroleum and natural gas producer are comparable 
to the inventories of raw material which other industries require, How-~ 
ever, only in the natural resources industries 


1) are such vast volumes evicent, and 


2) is interest on investment, therefore, such a major item, 

The oil and gas industry by its very nature requires that these 
inventories be paid for in advance, Thus, in an investment analysis, the 
interest that could otherwise be earned on the money invested in finding 
and developing these reserves, must be considered, It mould be noted 
that the analysis 


1) does not consider taxes, and 


2) assumes immediate sale of all gas discovered during the period 
1951 = 56 
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When the production of either oil or gas is extensively delayed and/or 
considerably below the market that the reserves are capable of serving, 


the economic future of the eas ensin is oe ned ease Under 
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current conditions of decreased revenue and ah cost of carrying 
investment, prospects for improvement in the marketing picture are a 
prerequisite to a continued high level of activity in Western Canadas oil 


and gas exploration, 
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INVEST MENT ANALYSIS 


TOTAL 
RESERVES: BBLS, $ $/BBL 
Cruces 2, 194, 400,000 olahal neo 
Natural Gas(quiv. 
bbls) (1) 390,000,000 =-- --- 
2,584, 400, 000 
INVEST MENT 

Acquisition cost eiaatetan 1,303, 400,000 0,50 

Development Cost (2) re 687, 300,000 Ona 

Carrying Charge on(3) 

Investment (at 6%) lolates 1,480,500, 000 0,61 
ROYALTY PAYMENTS(at 12,5%) -- 181, 600,000 0,30 
OPERATION CF WELLS (4) 

603, 600,000 216,100,000 ; 0,36 
TOTAL EXPZNDITURES -nan -mee _ 2,08 
GROSS INCOM FROM OIL 
& GAS PRODUCED, _ <n aan 2.41 


(1) For the purposes of illustration, natural gas was converted to crude oil 
on the basis 30 MCF =1 BBL 


(2) Development costs have been calculated against crude oil reserves only. 


(3) The interest which would have been earned at 6%, on the investment in 
exploration and development, assuming equal annual repayments over 
twenty years, 


(4) Ags experienced during the period 1951-56, In future years, as decline 
sets in, per well production will decrease resulting in higher per barrel 
cost, Also generally operation of wells will be more costly due to 
maintenance factors. In the U.S, the average cost per barrel for fields 
in all stages of depletion was reported to be 65 cents in 1953(Petroleum 
Engineer, July 1955), 


08.0: HOO. OO Bae ys te seo, dotieaipes 


oN 9 a 000 608 Fas v a ale is) teed tremyolsved: i 
Btn ond). Saheama 
£8 ,0 000 008, 08h. I Done (0 4s) slit bidet coal 0 


G8: 000, 008 £91. - n~ (id Of SHOT RIVA EEA von a 


, | VBR a: BOUT AGES 
at 0 igi N00 O01, a1€ ga 100 .000.,,808 


mee a Pr re hells | RAMETOMS, nae PATO? 


a hae ee eS 


MO MonT » } 


RE i, ne Re b> oa a 


fie shuts of bstagvacs aew ens Ieunten. obhetrtan tT: toe 
Lee f 2 9e 


4% 


WF 


“Vino sevnseet Lio, bus jenteys hesaiuales goed. sient alecs!  totgotoved 4) a 


ot inesissovnl silt mn- Pd" ts: soe 9d. ovad. nice: betty jesagdnt wT @) 
“t9V0 ODER S teumma~ LaHIpS “5 Tae. witsarqol sreb bas. nei deveolag” ‘4 
ee: baie “s 


i bosentan 6 MA) 
ag oft & : i i" 


| » bet a 
2p Net i 


ma 
are a 


(ie 
AS jis 
pant! ’ 

veo 
ie ° : 
tite Gh 

. f hoon a eo 
— e an 7 6 , nf 7 of ww, eins ee, : > 
C an ah i. , a SS ae PP tN . v pe 7 

j - : 7 2 7 3 
4 mn ‘ 


a? 
aunt a ie 
a 


— 


bd 


pane 


INVESTMENT ANALYSIS 

In the following analysis, the presentation has been simplified by as- 
Suming that reserves are withdrawn at a constant rate over 20 years, This 
is not the case, since the average field produces throughout its early life at 
a constant rate and then declines over the remaining years, often extending 
beyond 20 years, 

This analysis was designed to illustrate the effect of delayed income 
on the profitability of investment in exploration and development, The rate 


of return is dependent upon the initial rate of withdrawal and the decline as- 


sumed, 
Production of Reserves Found 1951 - 1956 
Barrels Dollars $/Barrel 
Reserves 
Crude Oil (1) 2,194, 400, 000 


Natural Gas(equivaient bbls) 390, 000, 000 
2,584, 400, 000 


Income from Production 


Gross Revenue at 2,41 6, 228, 400, 000 2.41 
Royalty Payments at 123% -778, 550, 000 -0.30 
Production Cost!2) =930,380,000 .«-0.,36 
4,519, 470, 000 ry G1 

Investment 
Acquisition 1, 303, 400, 000 0.50 
Development '3) 687,300,000 0.31 


1, 990, 700, 000 0.81 


Return on Investment before taxes 9% 


(1) For purpose of this illustration, natural gas was converted to crude 
oil on the basis of 30 MCF = 1! bbls. 


(2) As experienced during the period 1951-56, In future years, as decline 
sets in, per well production will decrease resulting in higher per barrel 
cost. Also generally operation of wells will be more costly due to the 
maintenance factors, In the U.S, the average cost per barrel for fields 
in all stages of depletion was reported to be 65 cents in 1953 (Petroleum 
Engineer, July, 1955), 


(3) Development costs per barrel have been calculated against crude oil re~ 
serves only. 
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ESTIMATED EXPENDITURES 
1951 - 1956 (1) 
(Thousand dollars) 


Alberta po Pra ee sask, Man, Total 
Acquisition Costs 
Land Acquisition 
& Rentals 392, 500 3, 800 64, 800 22,000 483, 100 
Geological & 
Geophysical 323, 300 24, 000 45, 100 6, 400 398, 800 
Exploration 
Drilling 314, 000 26, 900 67, 400 13,200 421,500 
1,029, 800 54,700 177, 300 41,600 1, 303, 400 

Development 
Costs 540, 400 2, 900 i2; 200 STAB RUE 687, 300 
Operation of 
Wells 195, 700 10 Tatu 4,600 OLS LOU 

TOTAL 1, 765, 900 57,700 805, 900 77, 300 2, 206, 800 


—— 


(1) Estimated using as sources, expenditures published by the Provincial 
Governments of Alberta, Saskatchewan and British Columbia, Manitoba 
has been estimated on the basis of wells drilled, geophysical activity 
and a land survey. 

Production costs for other provinces are estimated to be the same as 
Alberta, 


The Northwest Territories were omitted. 
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Va Oe Gh wisshinvies IN CANADA 
The proved oil and gas reserves as defined according to the modified 
rules of the American Petroleum Institute and the American Gas Association, 
and the probable oil and gas reserves, have been estimated for Canada, The 
possible oil and gas reserves have been estimated quantitatively only for the 
Western Canada interior basin, although other basins are briefly described 
herein, 


Estimated Crude Oil and Natural Gas Liquid Reserves as of December 31, 1957, 


Proved ‘dd Probable 
(thousands of barrels) 
Northwest Territories 52, 858 58, 500 
British Columbia 25,602 44,153 
Alberta 2; bei S8 T= SiGe Tis ey 
Saskatchewan 420, 954 172,074 
Manitoba 34, 258 5,065 
Total Western Canada SjiauvEieoo 1,096,563 
Ontario 3, 763 - 
New Brunswick 92 
Total Eastern Canada 3,000 - 
TOTAL CANADA 3,259,114 1,096,563 


Estimated Producible Natural Gas Reserves as of December 31, 1957, 


4 
fa ft 


Proved dd ~ Probable 
(MMCF) 
Northwest Territories 29,705 30, 274 
British Columbia 2, 808,075 662, 216 
Alberta nO BO tims 8, 927, 289 ~~ 
Saskatchewan 1,011,118 48,524 
Manitoba 2,993 467 
Total Western Canada 20,549, 776 9,668,770 
Ontario 190, 287 ~ 
Quebec 983 - 
New Brunswick 1,085 - 
) \ 41 , Total Eastern Canada 192, 355 ~ 
Al) AY , ; 
ol . “(We TOTAL CANADA 20,742, 131 9,668,770 
la Telel 
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PROVED AND PROBABLE OIL, NATURAL GAS 
AND NATURAL GAS LIQUID RESERVES 
PROVED RESERVES 

In calculating proved reserves of oil, natural gas, and natural 
gas liquids, the Canadian Petroleum Association Reserves Committee 
follows closely the principles Ate REE by the American Petroleum 
Institute's Committee on Petroleum Reserves, and the Committee on 
Natural Gas Reserves of the American Gas Association. Copies of the 
Rules for calculating such reserves are attached as Appendix / , 

It will be noted from these Rules that proved reserves are 
both drilled and undrilled. The proved undrilled reserves in any pool 
include reserves under undrilled spacing units which are so related to 
the drilled units that there is every reasonable expectation that they will 
produce when drilled, As a general rule in partially developed fields, 
only lateral and diagonal offsets to drilled wells are included. However, 
where the geological information is such that there is every reasonable 
=pectation: that undrilled spacing units further removed will produce 
when drilled, such spacing units are included. 

In the case of new discoveries, both of new fields and of new 
pools in old fields, in which there is only one well drilled at the time of 
making the estimate, it is the practice to use only one spacing unit for 
reserve calculations except where sufficient information is available to 
warrant taking in a larger area, 


Ina pool in which wells have been drilled, cased and found 
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Py ae 
uncommercial after production tests, no reserves aré estimated. 

Reserves which become available as a result of fluid injection 
are regarded as proved only after a thorough test by a pilot project, or 
after operation of an installed fluid injection procedure has actually 
demonstrated certainty of increased recovery. 

Estimates of proved recoverable natural gas reserves are those 
calculated to be producible down to an abandonment pressure considered 
practicable, 

Reserves of natural gas liquids in respect to an oil field are 
included only when there is a plant in operation for the recovery of the 
liquids, In the case of a wet gas field, or a substantial gas cap overlying 
an oil column, reserves of natural gas liquids are included in the estimates 
whether or not there is a plant in operation, 

Experience has demonstrated that proved reserves calculated by 
these rules are less, overall, than ultimate recovery. 

PROBABLE RESERVES 


Probable reserves of oil, natural gas and natural gas liquids 


were estimated for submission to this Commission, The additional re- 
serves included in these estimates result from the following: 

(1) Larger areal extent of proved fields, or the area assigned 
to discovery wells with relatively thick pay sections, which 
reasonably can be expected to produce on the basis of geo- 
logical or geophysical information available. 

(2) Additional reserves which may become available as a re- 
sult of fluid injection, Included in this category are re- 


serves from fields where pilot plants have actually indicated 
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Me Re 

the probability of additional recovery as a result of fluid 
injection, or where laboratory studies have indicated 
probable increases. In certain instances, increased re- 
covery was only estimated for the area where plans have 
been formulated for fluid injection. 

Increased recovery from presently proved fields. The in- 
creased recovery is based on reservoir studies which in- 
dicate that more oil probably will be recovered, but such 
reserves cannot be considered in a proved category until 


substantiated by additional reservoir performance, 
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ESTIMATE CF PRCVED AND PKCBAB.LE RESERVES CF 
AIC UID EYDRKOCAnNBONS IN CANADA 


Northwest Territories 


British Columbia 


Alberta 
Area 3 
Area 4 
Area 5 
Area 6 
Area 7 
Area 8 
Area 9 
Area 10 
Area 1l 


Total Alberta 


Saskatchewan 


Area 1 
Area 2 
Area 3 
Area 4 
Area 5 
Area 6 


Total Saskatchewan 


Manitoba 


Hastern Canada 


Ontario 
Guebec 


New Brunswick 


Total Eastern Canada 


Total Canadian 


(thousands of barrels) 


Crude Cil thy 
Remaining Additonal 
Proved Probable 
reserves heserves 
as of as of 

Dec.31/57 Dec. 31/57 
52, 858 58,500 
2,093 30,020 
133, 892 41,000 
544, 430 72,415 
430,745 247, 760 
850, 734 19, 288 
36,692 63,565 
202,229 56, 847 
61,074 13,580 
ey 5,000 
18, 432 82,000 
2,000,930 571,455 
Meag3 2,640 
2a,WO0e 600 
56,560 iS op 
Diedoe 6,679 
142, 288 144,000 
LaGl 632 17,400 
_ 420,457 162,570 
34, 258 Pye ete 

s763 = 

92 - 

Se) ~ 
2,864, 454 GAs, o2.0 


Natural Gas Liquics 


hemaining 
Proved 

Reserves 
as of 


Dec. 31/57 


23,509 


10,006 
25,000 
180, 880 


28, 563 
19,171 


107,034 
370,654 


497 


497 


394, 660 


Additional 
Probable 
xeserves 
as of 


Dec.31/57 


8, 628 
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ESTIMATE CF PRCVED AND PRCBABLE RESERVES CF 
NATURAL GAS IN CANADA 
(MMCF) 


memaining Proved Additional Probable 
Reserves Reserves 
as of Dec.31/57 as of Dec.31/57 


Northwest Territories 29, 705 30,274 
British Columbia 1,003,075 662, 216 
Alberta 
Area 3 763, 286 596, 700 
Area 4 844,778 709;553 
Area 5 1,495, 854 475, 838 
Area 6 3,006, 261 729,473 
Area 7 Toto lad 340,665 
Area 8 1,595, 288 497,550 
Area 9 1130. 204 2,401,400 
Area 10 220 G01 900, 000 
Area ll 4,090,270 2,139, 774 
Total Alberta 17,702, 885 8,927,289 
Saskatchewan 
Area 1 20,692 1,185 
Area 2 382,444 17,025 
Area 3 206,171 94,464 
Area 4 tape GS - 
Area 5 357,095 - 68,050 
Area 6 26,403 ___ 3, 300 
Total Saskatchewan LE ge 48,524 
Manitoba 2,993 467 
Eastern Canada 
Ontario 190, 287 ~ 
Quebec 983 “ 
New Brunswick 1,025 - 
Total Eastern Canada 192,355 


———— 


Total Canadian 20, 


742,131 


9,668,770 
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PROVED AND PROBABLE SULPHUR RESERVES 


The proved and probable sulphur reserves have been estimated 
where it is anticipated that sulphur will be recovered from the hydrogen 
sulphide contained in the estimated proved and probable natural gas re- 


serves, 


ESTIMATE CF PRCVED AND PROBABLE RESERVES OF 
SULPHUR IN CANADA 
(thousands of long tons) 


Remaining Proved Additional Probable 


Reserves Reserves 
as of Dec.31/57 —_as of Dec 31/57. 
Northwest Territories = 3 
British Columbia 1,648 560 
Alberta 28,092 vie 39,658 es 
Saskatchewan 87 54 


Manitoba ~ ~ 


Fastern Canada ~ - 


TOTAL 29, 827 40, 272 
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Onward-24 


Superb-25 

Butfalo Coulee-24 
Leyerna-28 

Smiley-25, 26 8, Eureka 
Dewar-26 Whiteside-26 
St, Elol-23 St, Florence-24 


Eatonia-24 Marengo-28 


Battrum-17 


Fosterton-18 
Antelope Lk, -18 

Success-16, 17 Verlo-19 
Cantuar-16 Java-15 Midway-19 
S. Java-15 N, Premier-18 


Gull Lk, N-19 


Gull Lk, -19 


Bone Creek-i9 
Instow-18 

Leon Lake-~i9 
Dollard-19, 20 


Eastend-20 


Rapdan-20 
Frenchman-20 
Frontier-20 Loomis-21 


Coleville-23 Fureka-23 Mosolarsas 
23 


Bea 


SCHEMATIC REPRESENTATION 
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- TWO OR MORE 
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- TWO OR MORE 
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“Ue 
Possible Oil and Gas_ Reserves 

the Arctic Islands 

There are several basins in Canada that have possible oil and 
gas reserves, Other than the great sedimentary basin of Western Canada, 
the larger of these in which the potential production may be of considerable 
magnitude, is in the Arctic islands, Here a favourable sedimentary 
sequence and the presence of several salt domes similar in structure to those 
of the Gulf Coast of the United States are known, No wells have been 
drilled in this area, It is reported that oil is being produced in the U.S.S,R, 
opposite the Canadian Arctic islands from strata that are the extension of 
the same basin, 


hudson Bay and James Bay Area, 


Another sedimentary basin occurs on the south and west sides of 
Fiudson Bay and James Bay, This area is 800 miles long and from 75 


to 225 miles wide, with an area of about 125,000 square miles A small 


I’ 
part of this is in Manitoba, with the remainder in Ontario, The sediments 
are largely marine Palaeozoic strata with evaporites (gypsum, anhydrite, etc) 
overlain in part by Cretaceous beds containing lignite, In most of the 

area the sediments are thin, but there are areas where at least 2,000 

feet are present, a thickness sufficient to give oil and gas prospects, 

Only a limited amount of drilling has been done, 


The Southwest Peninsula of Ontario, 


The Ontario basin bounded by Lake Huron, Lake Erie and Lake 


I "Possible Future Petroleum Provinces of North America, '' Bulletin 
American Association of Petroleum Geologists, Volume 35, No, 2, 1951, 
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Ontario, including the Manitoulin Islands, is bounded on the north and east 
by the Precambrian Shield which crosses the St. Lawrence river in the 


vicinity of Brockville, It comprises about 25,800 square miles, Only that 
part south and west of the Niagara escarpment stretching from Bruce 
Peninsula to Queenston on Niagara River, has yielded oil and gas in 
commercial volumes, Drilling commenced in this area in 1859, and several 
relatively shallow oil fields with prolific production resulted, Some of 
these still continue to yield oil, In recent years the area has been more 
intensively searched for gas rather than oil, and much greater success 
has been achieved than was formerly thought possible in an area where 
thousands of wells had been drilled, Drilling has been done in Lake Erie 
off the shore of Kent County with some considerable success, Less 
success has attended efforts to find production under Lake St, Clair, 
There is no doubt exploration will continue for a long time to come with 
moderate success, For many years the Dawn field in Lambton Count 7 
has been used as a storage basin for gas imported from the United States 
in off peak summer periods, There are many other fields that could be 
developed for storage and in this the area has a tremendous significance 
in relation to transportation of gas from Western Canada for use in Central 
Canada, 
The St. Lawrence Lowland, ie 

The St, Lawrence lowland stretching into Eastern Ontario, but 
mainly in the province of Quebec, comains a large area of older Palaeozoic 


strata, Actually the area is a large basin with axis parallel to the St, Lawren: 
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River, Its length is more than 200 miles and its width is about 60 miles near 
Montreal, On the southeast it terminates against the belt of distwbed rocks 
which are the northward extension of the Appalachians, Some recent success 
has been achieved in finding gas near Three Rivers, and at present several 
companies are engaged in active exploration, The prospects are considered 
reasonably good, 
Gaspe Peninsula 

Also in Quebec the Gaspe Peninsula has been known for more 
than a century to contain favourable structures in Palaeozoic rocks with 
numerous oil seepages, An area of Devonian rocks is known over a distance 
of 150 miles with a width of about 35 miles, and there are Palaezoic rocks 
covering Anticosti Island in the Gulf of St, Lawrence, In the period between 
1860 and 1903 fifty seven wells were drille¢ in Gaspe, and oil in small 
quantities was found, One deeper well was drilled in 1913 and there have been 
several since 1939, The lack of success, briefly stated,seems to have been 
due to absence of reservoir rocks that could contain commercial accumulations 
of gas and oil, but there is no doubt other features are favourable and the 
prospects are by no means exhausted, Reef limestone in the Silurian would 
seem to offer the best opportunity for prospecting, but this will require deeper 
wells than have yet been completed, 

The Gaspe area is interesting from a geological historical point 


of view, It was from studies in this area that Sir William Logan, Founder of the 
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Geological Survey of Canada, and his colleague, Sterry Hunt, propounded 
the anticlinal theory in 1844, The theory was quickly put to practical 
application in Kentucky and West Virginia with marked success and has had 
a profound effect on all subsequent exploration in every part of the world 
Maritime Provinces 

In the Maritime provinces of Canada there are sedimentary basins 
in New Brunswick crossing Northumberland Strait and including Foinoe 
Edward Island, and extending into a part of Nova Scotia along the northwest 
flank of that province, The only production so far found comes from the 
Stony Creek field discovered in 1909 nine miles from Moncton in New 
Brunswick, in this area are also the Albert Oil shale deposits, These were 
evaluated by drilling during the last war by a total of 79 holes, aggregating 
24,554 feet, but of three areas drilled, only in the Albert Mines area were 
results encouraging, In this area it is estimated,that there are "100,000,000 
tons to a depth of 400 feet averaging 10.6 gallons, and of this tonnage about 
2,000,000 tons average 20 gallons, However, to take out the higher grade 
shale by open-cut methocs would involve excavating 20,000,000 tons of shale 
and it is estimated that the average oil content of this material would 
be 12 to 14 gallons to the ton, " 

More than 30 wells have been drilled in New Brunswick in an 
attempt to find oil and gas beyond the Stony Creek field, but without success, 


The deepest well in the sedimentary basin drilled in 1945 to a depth of 


I Summary of Investigations on New Brunswick Oil Shales, Canada, 
Department of Mines and Resources, Bulletin No, 9265 bs oe 
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14,696 feet, was on Prince Edward Island in the Hillsborough Bay area. 
The succession was red beds with evaporites and it was not penetrated, 

_In Nova Scotia a number of wells have failed to penetrate the salt 
section, even though depths in excess of 6,000 feet were reached and one 
well reached a depth in excess of 11,500 feet. Seepages of oil are known 
to have occurred on Cape Breton Island and oil shales occur in Mississippian 
and Pennsylvanian rocks, 

Newfoundland. 

In Newfoundland there are several sedimentary basins, but the most 
promising one is on the west coast near Parsons Pond and St. Paul's Inlet 
where seepages occur. Actually a few hundred barrels of oil have been 
produced from wells drilled some years ago, This area recently has been 
under active exploration. 
Some Small Western Canada Basins 

Cther than the great interior sedimentary basin there are a few 
small basins that have come under exploration from time to time in vestern 
Canada. Among these is the Flathead area of Southeastern British Columbia 
with some remarkable oil seepages issuing from Precambrian strata which 
are overthrust onto Mesozoic and Palaeozoic strata. There is also the 
Fraser Hiver delta area near Vancouver where there is an unknown thickness 
of Tertiary strata believed to be mainly, if not wholly, non-marine, and in 
which some drilling has been done with reported shows of gas. Sedimentary 
rocks, mainly of Cretaceous age, occur on the Gulf Islands near the south- 
east coast of Vancouver Island. Also on the Queen Charlotte Islands, where 
oil seepages and oil shales are present, there are Tertiary, Cretaceous and 


Jurassic strata. 
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In all of these areas a limited amount of drilling has been done and 
although the prospects are by no means exhausted, they are considered to 


be much less favourable than in the great interior basin. 


The Western Canada Sedimentary Basin (Figure 1) 


As herein defined the Western Canada sedimentary basin is an 
extension northwestward of the great interior basin of the United States. 
It is the area south and west of the Precambrian shield and east of the 
Cordillera. At the international boundary between Canada and the United 
States it is about 600 miles wide. In the Peace s.iver area it is about 
half this amount and 1,600 miles northwest of the international boundary, in 
the vicinity of the delta of Mackenzie Kiver, it is about 235 miles wide. 
It consists of the southwest corner of Manitoba, the southern half of Sask- 
atchewan, all of Alberta with the exception of the northeast corner, an area 
in the foothills in south-eastern British Columbia and all of the area east of 
the mountains in the northeast part of that province, a small part of south- 
east Yukon as well as Hagle and Peel plateaus and the Porcupine area, the 
Mackenzie River drainage area between the Precambrian shield on the east 
and the mountains on the west in the Northwest Territories northward to 
the Arctic Ocean, 

In such a large area there are various ways in which an estimate 
of the possible oil and gas reserves may be made. Perhaps the most 
satisfactory and reliable method is that of estimating the volume of sediments 
within the basin and comparing this with other sedimentary basins of the 
world or other areas in a more advanced state of development. Lewis 


G. Weeks, Standard Cil Company (New Jersey) has for a number of years 
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Figure 1. North America, showing main physiographic divisions. 
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-8- 
made extensive studies of this method, and his results have been revised 
and published , from time to time. According to him, up to January 1, 1950, 
the oil discovered in the United States amounted to nearly 64 billion barrels, 
of which 39 billion had been produced, leaving 25 billion as proved reserves. 
This amounted to 32,000 barrels of ofl per cubic mile in the approximately 
2 million cubic miles of effective basin sediments. The figures for the 
various states as prepared by him at that time, were as little as 6,000 
to 8,000 for Kentucky and Indiana, and as much as 200,000 barrels of oil 
per cubic mile for California. At that time, also, he considered the ultimate 
for the United States might be 110 billion barrels or 50,000 barrels per cubic 
mile, and that the world basin areas of approximately 20 million cubic miles 
might have an ultimate production of 610 billion barrels or 30,000 barrels 
per cubic mile. This figure of 30,000 barrels per cubic mile has been 
widely quoted by geologists and engineers to whom it offered a ready yara- 
stick of measurement. 

Since 195C, however, Weeks has revised his estimates for the 
ultimate amount of oil to be discovered in the United States. This has been 
done as the result of new information, but particularly because of the present 
assessment of lands under water on the continental shelf. He now considers 
the ultimate oil to be discovered in the United States will exceed 200 billion 
barrels. Others, using good supporting arguments, have thought that 200 
billion barrels is more probable, and the United States Bureau of Mines has 
considered 300 billion barrels a reasonable assumption. 

1. Weeks, Lewis G., 'Concerning Estimates of Potential Oil heserves” ee 
Bulletin of the American Association of Petroleum Geologists, 


Volume 34, No.10, Pp. 1947-1953. 
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These upward revisions have been supported by the amount of oil 
found. To the end of 1955 the United States had produced 55.2 billion 
barrels of oil, and the reserves at that time were estimated at 30 billion | 
barrels of crude oil and 5.4 billion barrels of natural gas liquids, ora 
total , of 35.4 billion barrels. Thus preduction and proven reserves at 
the end of 1956 amounted to 90.6 billion barrels. 

In regard to discoveries of natural gas, the figures have had to be 
revised upward as more geological facts‘have become known and a better 
assessment could be made. The ratio of the rate of gas discovery to oil 
discovery has had to be increased, since it is now known that there has been 
"a rise from 4.1 Mcf of gas per barrel of oil reserves found in 1947 - 1949 
to 6.5 Mcf per barrel found in 1954-1956." It has also been calculated by 
Terry and Winger, that "based on the estimate of 250 billion barrels of 
minimum ultimate oil recovery (in the United States) and deducting 86 billion 
discovered to date, there would remain 164 billion barrels to be found in the 
future. At 6 Mcf per barrel, this would indicate future gas discoveries of 
984 trillion cubic feet. Adding proved reserves of 238 trillion at the end of 
1956 indicates a total future gas supply of the order of 1, 200 trillion cubic feet 


which we propose as a reasonable minimum estimate based on present 


, evidence." 


1. World Cil, Febrvary 15, 1957, P.130. 
2. Terry, Lyon F. andiinger, John G., American Gas Association meeting 


Lake Placid, May 13, 1957, published by Chase Manhattan Bank. 
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It is not possible to get exact figures of total gas production to 


date in the United States. Cnly estimates are available prior to 1906 and the 


amount of waste is unknown. However, to the end of 1956 reliable information 


1 Shows that marketed production has been about 140 trillion cubic feet. 


Thus marketed gas to date plus proved and future supply estimates, amounts 


to 1,300 to 1,400 trillion cubic feet. If the ultimate oil yield is taken as 
250 billion barrels, this tends to confirm the opinion that for every billion 
barrels of oil discovered, it may be expected that there will be about 6 
trillion cubic feet of gas, as has been indicated in the more recent years. 

Against this background of data from the United States, the most 
highly developed oil and gas country in the world, a broad assessment of 
possible gas and oil resources of Canada is feasible. The importamce of 
the estimate will not be in the precision of the amount deduced, provided 
it is within reasonable limits, but it will be in the magnitude of the re- 
serves which are indicated. 

In Canada although limited production may be achieved in any one 
of a number of sedimentary basins, the only really favourable prospects 
for large ultimate yields are in the sedimentary basin, which is the north- 
west extension of the interior plains area of the United States, and in the 
Arctic Islands. 

The sedimentary basin in the western provinces consists of an 
area 800 miles wide at the international boundary between Canada and the 
United States stretching from the Precambrian Shield in Manitoba on the 
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1. World Oil, February 15, 1957, Pp. 183-184. 
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east to the Cordillera on the west. Northwestward this area extends 
1,600 miles to the delta of Mackenzie River. At the Arctic coast its 
width is about 235 miles. 

In this area the thickness of sediments in general increases west- 
ward or southeastward. For purposes of computing the volume only that 
area west of the 1,000 foot isopach has been used, as in Figure 2. In the 
foothills as shown on the map, the volume has been calculated on a basis 
of 16,000 feet, since wells in this area have already reached depths of 
15,000 feet. This does not by any means represent the total thickness of 
sediments in this area. A planimeter measurement of size of areas and 


volume of sediments in each is as follows: , 


SIZE VOLUME CF SEDIMENTS 
(thickness 1000 to 16,000 feet) 
Square miles cubic miles 
Manitoba and Saskatchewan 176, 623 168,072 
Alberta Plains 223,697 a0 ia 
Alberta Foothills P3156 39, 984 
British Columbia Plains 36, 026 107692 
British Columbia Foothills 
South 2,099 6, 348 
North 12o ack 38,078 
Yukon 43,000 64,500 
Northwest Territories 204, 794 267,133 
Total for sedimentary basin 711,998 956,738 


The average thickness is slightly more than 7,000 feet. 


i 


1. These areas are here given separately so that they may be useful where 
‘more restricted comparisons of one part of the basin in reference to 


other parts are desired. 
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With the above information it is now possible to make estimates 
of the potential oil and gas reserves in the sedimentary basin of Western 
Canada as thus defined. It should be noted that these figures are applic- 
able only to the basin as a whole and not necessarily applicable in the 
Same way to individual parts. In reference to world basins, as already 


indicated, Weeks in 1950 used 30,000 barrels of possible oil for each 


cubic mile of sediments. His figure for the United States at that time 


was 50,000 barrels of possible oil for each cubic mile of sediments. This 


—— 


figure has subsequently been revised upward. Thus these figures are now 


believed to be too low. They, therefore, can be regarded as minimum 
er = oe Sr Pa Tp a aa een meses 


figures. 
Cn the world basis of 30,000 barrels of possible oil for each cubic 


mile of sediments, it is obvious that an estimate for the Western Canadian 


sedimentary basin of 950,000 cubic miles would be approximately 28,5 


billion barrels of possible oil, whereas if the comparison is made with the 


OS SS ee a 
\ 


minimum figure of 50,000 barrels for the United States, the corresponding 
figure would be approximately 47.5 billion barrels. Again it should be 
emphasized that these are minimum figures which are too low as applied 
to the United States. 

An estimate of maximum figures would be more hazardous. In the 
United States a great amount of prolific production has been found in 
Tertiary strata which in Canada are expected to be generally barren of oil 
because of their non-marine character. Thus it is not possible to use a 
direct relationship between the size of the basins in Canada and in the 


United States. Many other factors also need careful assessment, but 
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based on a possible evaluation of 250 billion barrels in the United States, 
which is stated by Terry and Winger to be a ‘minimum ultimate oil re- 
covery", it would seem that an estimate of 75 to 100 billion barrels would 
not be too high for \/estern Canada andimight be below maximum possible 
yields. Thus based on minimum and what are regarded as below maximum 
estimates it is concluded that the ultimate recoverable oil of the western 
Canadian sedimentary basin is of the order of 5C billion barrels, This 
estimate is exclusive of the bituminous sands of Northern Alberta, 

There is another approach by which the validity of the 50 billion 
barrel estimate can be checked. This is the relationship between wells 
drilled and the amount of oil found and a comparison between Canada and 
the United States, 


It has been shown, that in the United States the development of 


i 


new oil per well has remained reasonable constant in the 30-year period 


1925 to 1955. The figures are as follows:- 


1925-35 1935-45 1945-55 
New Cil - billion barrels 17.4 20.8 30.9 
Total wells completed 220, 400 279, 700 435, 100 
New oil per total well 79, 000 74 ,000 71, 000 
Cil wells completed 127, 500 166, 400 231, 700 
New oil per oil well 137, 000 124,000 133, 000 


This shows that "in terms of results per well drilled only a slight 
downward trend is evident over the past 30 years and this trend may be 
checked or reversed for the next ten years by the high results per well 


expected from offshore drilling". 
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Es Gonzalez, Richard J.(Director and Treasurer, Humble Oil and Ref- 
ining Co.) ''U.S. Not Running Out of Cil world Oil, March, 1957.P.65. 
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Site 
In Western Canada to the end of 1957 there have been a total of 


approximately 22,000 wells drilled, resulting in the finding of about 3.8 


billion barrels of oil of which 2.8 billion barrels are present reserves of 


crude oil exclusive of natural gas liquids. This is a discovery rate of 


about 170,000 barrels of oil for each well drilled in comparison with the 


a 


United States figure of from 70,000 to 80,000 barrels over the 30-year 
Neh So i a 
period from 1925 to 1955. Since the beginning of the oil industry to the 


es sb) 


end of 1956 in the United States a total of 1,646,000 wells,had been com- 
pleted discovering 90.6 billion barrels in oil produced and in proved re~ 
serves. This is equivalent to the discovery of about 55,000 barrels per 
well in comparison with the 70,000 to 80,000 for the 30-year period. In 


Western Canada to the end of 1957 there were 12,250 oil wells drilled 
Bo poo 


Peeremens nae —_— 


developing approximately 3,8 billion barrels of oil or an approximate 


a Ta 


total of 310,000 barrels for each oil well. This is in comparison with 


————— ees 


es 


around 130,000 barrels for each oil well in the United States in the period 
en eee tee 
1925 to 1955. Thus fromthe standpoint of both total wells and oil wells 


ate 


drilled, the discovery rate in Western Canada for its short history has 
Ree tre cs cae oe sohbet sel dled 


been better than in the considerably longer period in the 


oe 


United States i 


Thus there is a considerable margin of safety in making the assumption 
that the discovery rate in Canada for many years to come will be at least 
the equivalent of what it has been in the United States over a long period. 
On this basis, therefore, and in relation to a comparison of volume of 
sediments in the two countries, Western Canada's ultimate reserves nay 
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1. World Oil, February 15, 1957. P. 145. 
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-15- 
be expected to be one quarter to one third those of the United States. 
If the figure of 25C billion barrels is used for ultimate reserves for the 
United States, then the ./estern Canadian ultimate reserves, using the 
more conservative figure of one quarter, would be more than 60 billion 
barrels. If the Bureau of Mines figures of 300 billion barrels is used for 
ultimate reserves of the United States, then the corresponding Western 
Canadian figure on the above basis would be 75 billion barrels. The 
figure of 50 billion barrels for Western Canada, therefore, seems to be 
in accord with present available information using figures which are 


conservative. 


, 


It has already been shown that a figure of 6 trillion cubic feet 


—— 


of gas is being found in the United States for each billion barrels of oil. 
eS — ee” 


— 


In view of the prospects for gas, as already shown by discoveries, and 
in view of geological opinion, particularly in regard to foothills struct- 
ures, this figure does not seem too high for Canada. Applied to the 


minimum figures of 28.5 billion to 47.5 billion barrels of oil, the 


epee Oe 
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minimum figures for possible gas reserves would be 170 to 285 trillion 


6 ee a Ss 
ae 
for the Western Canadian sedimentary basin. Applied to the more 
petal eg 


reasonable figure of 50 billion barrels, it would be 300 trillion cubic 
pha ta, 25 al 


feet, Even this higher figure of 300 trillion is slightly lower than a 
quarter of what is being predicted for the ultimate figure in the United 
States where, in spite of a considerably greater density of drilling than 


in Canada, the finding of 24.9 trillion cubic feet 4 of new natural gas 
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1. Proved Reserves of Crude Oil, Natural Gas Liquids and Natural Gas. 
Vol. No. 11. American Gas Association - American Petroleum In- 
stitute. Dec. 31, 19556. 
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-16- 
reserves during 1956 constituted the largest single discovery year in 
the history of gas development in that country, It is also reported 4 
that ''in the period 1951-1955 in the United States 82.0 trillion cubic 
feet of new natural gas reserves were proven to exist, In the pre- 
ceding five-year period covering 1946- 1950 new gas found totalled 
67.3 trillion cubic feet''. This is a discovery of almost 150 trillion 
cubic feet in 10 years. This period corresponds to the decade in which 
there was a tremendous expansion of the natural gas industry in the 
United States, and in which the value of natural gas received greater 
recognition than had previously been the case. There is no doubt, 
therefore, with proper incentives the natural gas industry of Western 
Canada can have a similar proportional expansion in the next decade, 


since {t can be stated with a high degree of confidence that the ultimate 
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amount of gas to be discovered in the Western Canadian basin is of the 


order of 300 trillions of cubic feet. 


————y 


ee  — — ———————— —— 
\. 


i 


1. World Oil, February 15, LO60, i2l30.. =] 
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Possible Sulphur Reserves, 
The calculations for possible sulphur reserves in Western 
Canada are based on the possible gas reserves of 300 trillion cubic 


feet as worked out for Western Canada, Because of the variation in 


per cent of sulphur from area to area; for example, sulphur percentage 


in the foothills is generally much greater than in most parts of 
the plains; a rough breakdown of possible gas for Western Canada 


was made to aid in arriving at the sulphur figures, 


Sulphur 
(Millions Long Tons) 
Manitoba. & Saskatchewan 3 
Alberta - Plains 65 
- Foothills 1:25 
British Columbia 85 
Yukon & N.W.T. 30 
TOTAL: 260 


The above sulphur reserves do not take in the huge amounts 
of sulphur in the McMurray oil sands, Using a figure of 150 billion 
barrels of oil and 4 to 5 per cent sulphur, 60 per cent recoverable, 
would result in a figure of approximately 900 million long tons of 


sulphur for McMurray oil sands, 
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NOTE: 
LACK OF WELL EVIDENCE IN 

THE N.W.T. MAKES IT NECESSARY 
TO AVERAGE THICKNESSES, AND 
LOCAL EFFECTS OF STRUCTURE 
HAVE BEEN ELIMINATED. 


ISOPACH MAP 


SHOWING 


TOTAL THICKNESS OF SEDIMENTARY ROCKS 
DOWN TO 
THE PRECAMBRIAN BASEMENT 


ISOPACH INTERVAL - |,000' 


Drarcts 


THE ATHABASCA BITUMINOUS SANDS 


The bituminous sands of the McMurray, Alberta, area are 300 
miles northeast of Edmonton, The first white man known to have seen them 
was Peter Pond in 1788, Since that time they Have been a source of wonder 
and amazement to many explorers and scientists, They are exposed in the 
valley of Athabasca River and on its tributaries for a distance of 42 miles 
above McMurray and 76 miles below it, Prominent cliffs along the 
Athabasca River ooze a thick tarry bijumen on warm summer days and even 
a casual observor cannot fail to be impressed by the magnitude of the oil 
deposit, Actually its size is not too well known, At McMurray and in 
places along Athabasca River to the north, the base of the bituminous sands 
is exposed in contact with Devonian limestones, but south and west the 
regional southwest dip causes the sands to become covered by 
progressively thicker younger strata, The last outcrop up stream on 
Athabasca River is, therefore, the top part of the formation, Drilling 
beyond the limitg of the exposures has given some additional information, 
but only a few wells have penetrated a section comparable to that exposed 
and, as far as known, all wells have encountered much thinner sections, 
Thus the deposit wedges out south and west as it does also to the east, 
This is to be expected, since the sands in which it occurs form a deltaic 
Cretaweous deposit probably laid down at the mouthof a large river 
originating in the Precambrian shield to the east, 

S.C, Ells; of the Mines Branch, Depattment of Mines, Ottawa, 
did much work in mapping, sampling and testing the bituminous sands by 


shallow auger holes, 
ee cree es ee | ae 2 yi eee a 
I Zis, S.C., Department of Mines, Mines Branch, Bulletin No, S32, 

1926; Py 10s 


Ae ee ae i ae Oey Cee eee. Ys 9 : a cee 
; ie wn Cf FM ep nays ret z Bs 

‘i + by ae A, 
» 


erondd tole veil ef ra ingen’ atte: taalt i cae 


nf) 


vebnow to someon | Bt aged! en “sity atts seit 


ae 


aati £b.30) Soamtath ‘a: rok vote ak oa coves 


ont Hetole ® vate teoatenor yt int moked 


j $ a) 


hAVS ban” ong sceiciedel rece 6, ‘docauite + ae) Kies 


Pie Sas / 
ae i y 
ia) 5 8 
‘ ire 
it v 


ge 4 ie bas FST. ~ OL OR il As: sara, itgve ‘oot. to at 


Lie ont to strrdtiggie ra ea Seneca: of oe 


a hag 


~ 


abasa amoctenrihd aoe idy and ode Jt08) ton 


dt teow Bre chtyoty vedi anata 


vc : bsaeves acieagd ot: aba ait 


i 


MO. “veo fa: eget vars sito tier rae 

- fd | =f m 1 i 
ati]  ,ootenpiot- edna et nT ont 
nd Ap 


retagirotal Tenoiibas adiog aad at a 


ih i 
‘ell 


OLS ‘tT oyinhs eerwe | Ef y - : 7 Le ; 
j VEER Reis Dowstteuiobins aie we 


meas BUT es Cals Banh at ah roe beta 


ote eb 5 rent atttgoe st oli at ahuns wh 7 
he heya 


een, se Pith 
A gh K 


yeaa Sarred 18,7 wectnem ult in. ayia 


ba | | 
' 


‘a ‘ia. Sitti Aetna i Ble ik 


a 


Dae 

He stated. that .''the direct distance in a north and south direction through 
which outcrops have been noted, is approximately 15 miles, and that 

from east to west approximately 55 miles’, It should be noted that this is 


only the exposed part, According to Max Ball,, who for many years carried 


a 
I 
out operations at McMurray for Abasand Oils Ltd,, the areal extent is 

10,000 to 30,000 square miles, A bed 100 feet thick with a bitumen saturation 


yy 
of 10 per cent contains 133,000 barrels an acre ef 85,120,000 barrels per 


square mile, The maximum thickness, of the deposit, as far as known, is 


2 
224 to 229 feet, all high grade material, recorded in holes B,17 and B,33 

in the Mildred - Ruth Lakes area, about 22 miles natth of McMurray on the 
west side of Athabasca River opposite the mouth of Steepbank River, In 
many areas, however, as shown by drilling, even where the total thickness 
of the bituminous sand formation may approach 200 feet, there are bands 

of clay in places of very considerable thickness, interbedded with sands 
containing variable amounts of bitumen, All these conditions make an 
estimate of the total eontent of bitumen very difficult and in consequence, not 
too precise, It is thus not surprising that the most reliable estimates place 
the bitumen content in the order of 100 to 300 billion barrels, with perhaps 
250 billion barrels the preferable figure. 2 The amount of bitumen in this 


deposit, therefore, may exceed the known free world's proven oil reserves, 


which, as of January 1, 1957, were considered , to be 207,5 billion barrels, 


I Ball, Max W,., "Development of the Athabasca Oil Sands,'' Transactions, 
Canadian Institute of Mining and Metallurgy, Volume 44, 1941, P,64, 

2, Hume, G.S., "Results and Significance of Drilling Operations in the 
Athabasca Bituminous Sands," Transactions, Canadian Institute of Mining and 
Metallurgy, Volume 50, 1947, P,312, 323, 

3, Pratt, Wallace E,, ‘Oil in the Earth, "University of Kansas Press, 1943, 
P, 41, 

4, World Oil, August 15, 1957, P, 199, 
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In regard to fuel value 100 billion barrels of oil is equivalent to 


’ 24 to 25 billion tons of coal, This is about the amount of recoverable 


coal estimated by Mackay, for the reserves of Alberta, Thus the minimum 
reserves of oil in the bituminous sands is equivalent in heat value to all 
the recoverable oal in Alberta, 

Extensive drilling of the bituminous sands was undertaken during 
the war by the Department of Mines and Resources, Ottawa, at the request 
of the oil Controller for Canada, A number of areas north of McMurray 
including the Horse Creek reserve, were tested, The drilling in 1942 was 
by auger hole method, which was not satisfactory, and from 1943 to January 
1947, core drilling, which had been perfected, was used in drilling 291 holes 
for a total of 53,918 feet, Certain requisites were considered necessary 


for a possible commercial deposit, which was then envisioned as an open~ 
cut mining operation, These were, briefly 3: -« 


(1) A small thickness of overburden 


(2) Sands with low clay content and a bitumen content of not less 
than 10% and preferably greater than 12%, 


(3) Continuous thickness of sands without extensive interbedded bands 
cf clay. 


(4) Favourable plant site area, 

(5) Adequate tailing disposal area, 
The results of drilling indicated a surprising variation in the bitumen content 
from place to place, and even in the same deposit, The most favourable 
condition found were in the Steeprock River area and in small areas on 


Horse River, but particularly in the Mildred - Ruth Lakes area, 22 miles 


north of McMurray, The area at the plant at Bitumont was not tested. 
oo 2 ala: Meet Ds: TS ACEI DE AI IRS SE a ee 


I Report of the Royal Commission on Coal, 1946, P.Il 
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The Mildred : Ruth Lakes area proved to be phenomenally rich, 
In parts of it the drill holes were on a quarter of a mile spacing, and in 
other parts one half mile, In a limited area the quarter mile spacing 
was supplemented by a hole in the centre of the quarter mile area, as 
well as a hole at each quarter mile corner, The amount of bitumen was 
found to vary from a few per cent to bitumen beds in the sands containing 
77,8% bitumen, For these richer beds all assays were calculated as 19%, 
the theoretical maximum content where the sand grains would be in contact 
with one another, In outlining the Mildred . Ruth Lakes area a total of 
73 wells from 125 to 300 feet deep were drilled in an area 8 miles long 
by 2 miles wide, Forty eight of these holes were concentrated in an 
area of 2 1/2 square miles, Nine wells more widely spaced were drilled 
south of the more favourable area, increasing its size to 4 1/2 square 
miles, In this a calculation based on all assays {using 19% as maximum) 
showed there are 900,000,000 barrels of bitumen, These, then are 
proven reserves in this area amounting to 200 million barrels per 
square mile for the 4,1/2 square miles in which the content was appraised. 
It was found that the sands in this area have an average of 13,6% bitumen 
and that the ratio of bituminous sands to overburden is 2,6 to l, This, 
then, is a rich deposit that fits all the requisites for possible commercial 
use, There is a limestone bench about a quarter to a half mile wide 
between the escapment face of the deposit and Athabasca River, which 
would provide an adequate plant site, The deposit is wholly above river 
level, which would simplify drainage in open pit mining, Also all material 
from the deposit would be transported down_ to the plant, which would not 
be the case where a plant site had to be made on the top of a deposit as in 


some other areas, 
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Since the Mildred 2 Ruth deposit was outlined by drilling, a 
number of oil companies have taken permits on areas of bituminous sands 
and have done drilling, It is known that some of these programmes have 
met with satisfactory results, even though equally rich deposits over such 
a large area as that on the Mildred - Ruth Lakes area, may not have been 
discovered, Thus although there are no total figures for proven amounts 
of bitumen, they are probably large, Actual figures, however, would not 
be significant unless the grade of material and the amount of overburden 
was known, because a proven deposit might have no value if conditions 
were prohibitive for open pit mining, which up to now has been considered 
to be the method most likely to be used in any development, Open pit 
mining has many disadvantages, and there ig no doubt that extraction in 
situ would constitute the ideal method which would make the thousands of 
square miles available for development, instead of the possible 10 to 20 
square miles, as estimated by Max Ball. | If open pit mining is considene’) 
obviovsly only the proven bitumen within this small area in sands of 
sufficient grade to be commercial under small oberburden, would have 


any importance, The amount of bitumen in this, however, would stiil 


be reckoned in billions of barrels, 


I Ball, Max W,, "Development of the Athabasca Oil Sands,'' Transactions, 


Canadian Institute of Mining and Metallurgy, Volume 44, 1941, P,66, 
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Methods of extraction in situ rather than by open-cut mining would 
change the whole situation and make at least 100 billion barrels the minimum 
estimate for the deposit, available for development, Such methods of 
extraction are believed to be under serious laboratory investigation, but so 
far no application has been attempted, The problems of extraction and 
treatment of the bitumen are anly a part of the difficulties. The percentage 
of bitumen ia a deposit is commonly calculated by weight, Thus when a 
deposit is said to contain 15% bitumen, the other part is 85% sand with 
variable amounts of clay, The sand, when the bitumen is extracted, is 
clean and white and much of it is very fine, It could be handled from a 
plant as a sludge in water through a pipeline, but its confinement to a 
disposal area might involve high expenditures, The necessary measures 
would have to be taken to see that the sand did not reach Athabasca River, 
where shifting sandbars are now a problem of navigation at certain stages 
of water, Also the sand when dry would be air borne by the wind, so 
that perhaps some form of a consolidating agent would have to be provided 
to hold it, As a sludge it would be expensive to try and put it back in 
the mined out area, unless unmined bituminous sands were left as walls 
to retain it, This would reduce the mineable sands in any area by a 
considerable amount and thus leave behind an appreciable volume of 
bituminous sands that would never be recovered, a method that would not be 
considered good conservation practice, Thus removal of the bitumen in situ 
is desirable, even though the recovery would not be complete, 

The layman is often puzzled as to why the bituminous sands are 
not now being developed, The answer is largely two fold, namely, mining 


extraction and treatment methods, that is, the necessary techniques and 
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aye eall costs. There is no doubt at the present time that if an emergency 
should arise where costs were considered of less importance than production 
of oil, sufficient information and knowledge is available for mining the sand 
and designing plants for the extraction and treatment of its bitumen content, 
It has been considered, that the economic plant size would be 20,000 barrels 
a day, but this need not necessarilybe so, However, to attain a commercial 
operation it might be necessary to operate not less than 5 such units and 
thus provide 100,000 barrels a day in order to afford economic transportation 
by pipeline to the nearest point where otherpipeline facilities could be used 
to market the oil, In this case the nearest outlet would be Edmonton and 
the Interprovincial and Trans Mountain pipelines, Such an operation thus 
involves a treatment plant in the bituminous sand area which would refine the 
bitumen only to the stage where a crude oil would be available for pipeline 
transportation, In this process the 5% gulphur content would be eliminated, 

The building of one to five 20,000 barrel a day units would take 

considerable time and involve large capital expenditures. Perhaps part of the 
reason why no atte mpts have been made s0 far to put a plant in operation, 
is the fact that obsolescence of such a plant might be very fast due to 
rapidly improving techniques, particularly in the refining industry, The maiter 
of cost in terms of only a few cents a barrel is vital, For example, jg the 
assumption is made that the unrefined bitumen taken from the Mildred-Ruth 
Lakes deposit has a value of $1,00 a barrel, a reduction of each cent in 


costs for t’he 900,000,000 barrels involved means 9 million dollars, 


I ke a TE 


I Blair, S, M.Report on the Alberta Bituminous Sands, Government of the 
Province of Alberta, 1950, 
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= Be 
Under such conditions a pilot plant operation for a limited time is highly 


desirable, but such a pilot plant must be on a reasonable scale, in which 
case the disposal of the crude pipeline oil thus produced becomes a major 
expense in the period pending a commercial operation, 

These are only a few of the problems facing the development of 
the bituminous sands, They have been outlined here briefly because they 
completely overshadow the problem of the amount of established or possible 
reserves, The Mildred a Ruth Lakes deposit is sufficient for a 100,000 
barrel a day operation for nearly 30 years, and there are other valuable 
and rich deposits at Bitumont and elsewhere, Thus there is no problem in 
the wailability of large volumes of rich sands, An in situ extraction method, 
however, if such is devised, could operate south of McMurray and hence 
avoid some costly transportation problems such as the cross'‘ing of the 
Athabasca River, unless it is decided to build the proposed railroad to 
more northerly areas via McMurray, rather than by one of the other routes 
that have been considered, At the present time there is also the difficulty 
of availability of a market for crude oil produced in Alberta, A plant to 
produce crude oil from the bituminous sands would probably take two to five 
years to complete after the decision had been made to proceed with such a 
development, This, then, brings up the problem of the availability of future 
markets for crude oil, and it would seem almost certain unless some 
solution is found, that the incentive for present development of the bituminous 
sands will be lacking, This, of course, does not mean that further 
investigation of cheaper production and treatment methods will not be studied, 
Progress will, however, only be made because of the firm belief that in 
the next decade or so oil will be in demand in ever increasing amounts, 


and that a larger share of the market than now will be available for that 
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produced in Alberta, This assumption however, may nged careful analysis, 
Rapid changes are taken as inevitable, The widespread and abundant use of oil 
and natural gas has given the coal industry in Alberta almost a solar plexus 
blow, There are reliable reports of the near introduction of cheap energy 
by nuclear fusion, which might conceivably be a sharp competitor in the near 
future to oil and gas for certain purposes, There is no doubt, however, that 
oil will retain its favoured position long after nuclear power has been made 
available, and if markets are established, they will not be lost, On the 
other hand, it would appear that the competitive position of oil and gas in 
the markets of tomorrow in reference to other sources of energy, 

Y 
could become much more severe than it is in reference to sources of energy 


in the markets of today, so that the problem of the establishment of markets 


and their retention is of paramount importance in providing an incentive for the 


development of the bituminous seit: which; with the exception of radioactive 
cranes eS 


aA ear ea RE 


deposits and excluding coal, is the greatest source of Sheey available in Canada. 
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The problem of the bituminous sands, therefore, if ae are to be developed, 
is not one of reserves, but of incentive for development, and this incentive 


can only be provided by assured future markets for oil and gas, 
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FR&ZHOLD LANDS : _ 

The term freehold as used herein applies to mineral rights 
owned by individuals but is not intended to apply to the mineral holdings of the 
two major railway companies and the Hudson's Bay Company, nor does it appl 
to the sizeable holdings of smaller land holding companies such as the 
Calgary and Edmonton Corporation, All of these rights are the result of 
homestead purchases from the Federal Government, the railway companies 
and the Hudson's Bay Company, made in the latter part of the nineteenth 
and very early years of the twentieth century, These main land holding 
bodies began reserving mineral rights to themselves between the years 1887 
and 1905, Thus a present day freehold mineral map provides an accurate 
picture of the history of Prairie Settlement up to the early part of this 
century. 

Although accurate figures are extremely difficult to calculate 
it is pobable that individual or farmer-owned minerals in the sedimentary 
basin cf Western Canada total some 30 millions of acres. While this 
total acreage is small, representing as it does only 6 or 7% of the total 
acreage in the basin, its geographic distribution has given it an importance 
disproportionate to its volume, This is the result of the early discoveries 
in the "fairway area of Alberta which is an area running from a few miles 
northwest of Edmonton, southeasterly through the Camrose and Stettler 
districts, and later intensive exploration and development in what is 
commonly referred to as the Souris Valley of southeastern Saskatchewan. 
The Edmonton and Souris Valley areas are areas of early settlement and 
therefore contain a relatively high percentage of freehold minerals. 
Conversely of course there is no freehold acreage in the northern parts of 
Western Canada, thr Northwest Territories and the Yukon, Thus, while 


freehold acreage if evenly distributed throughout the sedimentary basin would 
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amount to about two sections per township, in the areas of early settlement 
it runs as high as 14 to 18 sections per township. 

Freehold or farmer-owned minerals do therefore play an extremely 
important part in the overall land picture, 

The oil industry in Western Canada has for the most part adopted 
the ' unless '' type of lease, This form of lease is the evolutionary 
result of many years of experimentation in the United States, where the 
predominance of freehold ownership in the oil producing areas has 
necessitated the development of a form of lease which is mutually 
satisfactory to the owner and the industry, 

Basically, the ‘unless'' type lease provides a short definite term, 
commonly ten years, with a proviso that the lessee shall either commence 
drilling within a stated period, usually one year, or pay rent, but he is not 
obligated by his contract to do either, Failure to drill or pay the rental 
automatically terminates the lease. A “thereafter clause extends the definite 
term for the producing life of the property. 

The lease provides for a gross royalty to the owner of a stated 
percentage or fraction of production, usually one~eighth and usually contains 


express covenants to protect the land from drainage, 


Most of the negotiations center around the bonus or consideration 
paid for the granting of the lease and this amount varies widely depending c@ 
the stage of exploration, proximity, to production, etc, In the early stages 


of exploration in Western Canada 10¢ per acre was a not uncommon amount, 


Following the discoveries in Alberta in the years 1947 to 1950 Industry 
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competition and the ordinary application of the law of supply and demand 
resulted in a sharp increase in the price of freehold acreage and $100, 00 
per acre was not uncommon for land which was highly speculative, or in 
Industry terminology 'wildcat'’ acreage, 

As stated previously the definite term commonly used is ten 
years but this is one of the negotiable features of the lease and may be varie 
if circumstances warrant, 

Generally speaking it may be stated that the mineral owner is 
offered the fair "going rate'' for a lease of his minerals for a definite 
term and is paid an annual rental during that term if the lessee fails to 
drill, He is assured of protection against drainage of his property and 
receives a gross royalty om,one-eighth of the proceeds from production 
from his land, 

In addition it is general practice in Western Canada to pay 
the mineral owner an additional separate amount for the use of the surface 
of his land for the purpose of drilling wells and erecting production 
facilities, 

There are of course variations of the basic lease form and 
there are other types of Petroleum and Natural Gas Leases in existence, 
but for purposes of this brief no attempt has been made to catalogue these, 
This outline is intended to illustrate generally the basis on which the 


Industry deals with the individual freehold owner of petroleum and natural 


gas rights in Western Canada, 
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PRODUCTION AND CONSERVATION 
Maximum Permissible Rates of Production 

It has been mentioned that the amount of oil which will be recovered from 
a reservoir is a function of several things, One of the most important of these 
is the nature of the forces acting within the system, Another parameter which 
may be very significant is the production rate. Experience has shown that excess- 
ively high production rates can reduce the recovery efficiency appreciably below 
what it would be if lower rates were used. In the case of oil fields this effect is mos 
serious where high rates cause large volumes of gas or water to enter the produc~ 
ing well directly from a gas cap or aquifer, Once these fluids have gained entry 
to a well bore their paths often cannot be blocked by remedial measures and they 
will contin ue to be produced to the exclusion of crude oil, This phenomenon, 
known as Fingering or Coning, results in wasteful use of the available energy 
and can prematurely lower the oil production rate below the economic level and 
force abandonment earlier than would otherwise have been necessary, The same 
situation is true in gas reservoirs that are underlain by water. 

Conservation agencies in V estern Canada recognize that production 
rates must be controlled to prevent wasteful practices. Each of the four 
western provinces has regulations designed to limit the production rate from 
an oil well to a level which is considered safe, These upper limits are referred 
to as Maximum Permissible Rates or MPR'!s, They are functions of the reser- 
voir rock and fluid characteristics, the type and strength of the drive mechanisms, 
the well spacing, and the portion of the reservoir that has been developed. 
British Columbia, Alberta, and Manitoba assign each wellina reservoir the same 
MPR which is calculated using average characteristics for the reservoir in ques-~ 
tion, Saskatchewan makes a separate MPR calculation for each well based on the 


properties of that well, The folmulae used by the different Provinces are essent- 
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ially the same and involve comparing the characteristics of a particular reservoir 
or well to the properties of a standard well, The resulting answers are generally 
a good indication of the upper limit of a well's ability to produce efficiently, The 
method is particularly valuable in the early life of a reservoir when little is 
known about the various properties that affect recovery, 

As moreis learned about the characteristics of an oil reservoir and the 
forces acting within the system, it is often possible to make a more accurate cal- 
culation of the safe production rate using engineering principles and experience, 
When this approach is employed the answer that is obtained is the Maximum 
Efficient Rate, which is defined as the highest rate that may be maintained for 
an appreciable period cf time without creating substantial waste. This value, 
commonly abbreviated MER, should not be misconstrued as a most efficient rate - 
it is regarded as the upper limit of a range of efficient rates, Any increase above 
this limit will cause avoidable waste; whereas any decrease will not significantly — 
raise the ultimate recovery, When an MER calculation has been accepted by a 
conservation agency, the value will then be published as the official MPR for the 
oil wells or pool in question, 

The situation with regard to establishing maximum rates of production 
from gas wells is not as cearly defined. Alberta has an MPR formula for gas 
wells but this has only been applied in two fields. In the remaining fields it is 
apparently the practice that any maximum rates are established in meetings be- 
tween the Conservation Board and the operators, In British Columbia the max- 
imum production rate is made equal to 25 percent of the well's absolute open 
flow potential. 

Since oil and gas occur together, itis possible to have a conflict of 


interest between the operators in an area where an oil reservoir is in contact 
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with a large gas cap. Those who will derive a majority of their income from 
gas sales might wish to see the gas produced as quickly as possible even if such 
production will lower the ultimate oil recovery. Ona unit-volume basis, oilis 
considerably more valuable than gas, Also, it is known that if the gas cap is 
in good communication with the oil zone, the recovery of oil will be greatest if 
all gas is retained in the system until the oil zone has been depleted, On the 
other hand, production of oil will not lower the amount of gas that can be 
recovered, Thus, as a general rule it is assumed that oil production will take 
priority over gas, However, in the special case of an extremely large gas cap 
in contact with very small oil reservoir, it is possible that some gas production 
would be permitted, if it could be shown that the value of any lost oil recovery 
was insignificant, 
Productivity and Prorationing | 

One of the fundamental necessities for conservation is that the volume 
of oil and gas produced must not exceed the market demand. The present 
situation in Western Canada is that the demand for Alberta crude oil is less 
than the Provincial productivity, Asa result, the available market must be 
prorated among all fields in Alberta. Prorationing is not yet considered nec- 
essary by the other Provincial Governments, 

In Alberta, and other provinces, the total productivity of an oil 
reservoir is not necessarily equal to the sum of the MPR's for each well in that 
reservoir, In some cases the MPR assigned to a well will be much higher than 
that well's ability to produce. While these values are calculated using the best 
data available, it is possible that a local condition such as low permeability or 
a tendency to cone water or gaS may prevent a well from being able to produce 


efficiently at its MPR, The unused portion of such a well's MPR cannot be trans~ 
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ferred to another well. In addition to this, the production allowables may be 


subjected to penalty factors if excess volumes of gas or water are produced and 


not re-injected, The combination of these two factors can have a significant 


The Oil and Gas Conservation Board of 


effect on the productivity of a reservoir. 
Alberta regularly makes estimates of the Provincial productivity, “We are in- 


formed that this averaged 756,000 barrels per day during 1957. 


» 


The following tebulation gives the average 1997 production rate and prod- 


uctivity for each of the four western provinces. 
Province Average Production Averag2 Productivity 

oe Se _  Rate-barrels/day barrels/day 

British Columbia 1,000 1,200 

Alberta 376, 000° 756, 000 
Saskatchewan , 101,000 / 125, 000 vy 
Manitoba fi 6.700 17, 000 ee 

| 

| 

ae ae 

TOTALS 494,700 g99,200 


These figures show that the average Western Canadian productivity was 


899, 200 barrels per dey during 1957, The average production rate of 494,700 
ivalent to 55 percent of eapacity. Considering A lberta 
/ 


barrels per day wes equ 
erage production rate of 376, 000 ; 
/ 


alone, the tabulation iadicates that the av 
\ 


\ . 
barrels per day was 50 pencane of capacity. 
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RECOVERY METHODS. 

The oil reserve figures quoted above were calculated using 
recovery efficiencies based on present methods of depleting reservoirs. 
The amount of oil which will be recovered from a pool is a function of 
many things among which are the characteristics of the reservoir rock, the 
characteristics of the cnude oil, and the type and magnitude of natural 
or induced forces acting within the system, With regard to this last 
point, it has been discovered during the past 25 years that the recovery 
efficiency can often be increased by injecting fluids into a reservoir 
system, Several of these methods are being used in Canada at this time, 
In addition to these well known and tested methods, there are several 
new approaches to increasing recovery that are still in the experimental 
stage, Therefore, any discussion of recovery methods may be logically 
broken into three parts; namely, primary recovery methods, present 
methods for increasing recovery, and new methods for increasing recovery. 

These sections will deal only with oil and not natural gas 
since there are no techniques employed to increase the excellent recovery 
efficiencies that may be attained by properly using the natural forces 
within a gas reservoir. 

Primary Recovery Methods. 

The first step in producing oil requires that the reservoir fluid 
be moved from its place in the porous rock to the well bore where it can 
be taken to the surface. This movement can only be accomplished by an 


expenditure of energy Three major natural sources of energy exist. 
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-2- 
They are expansion of a water -filled zone or aquifer, expansion of a gas cap, 
and expansion of the reservoir oil and its dissolved gas. Under certain 
favourable circumstances, the force of gravity will have a significant influence. 
The recovery of oil from a reservoir is a function of the reservoir rock and 
fluid characteristics but is governed primarily by the nature of the available 
energy and the manner in which it is employed during depletion. 

When the major source of energy is derived from expansion of gas 
which was originally dissolved in the reservoir oil, the production mechanism 
is termed Solution GasCrive. This is the least efficient depletion method and 
recovery will vary from only a few percent in the worst cases to approximately 
30 percent under ideal conditions. The average recovery efficiency is generally 
considered to be 10 to 20 percent. Ifa large gas cap is in good communication 
with the oil reservoir, the production mechanism will be Gas Cap Drive. This 
is a better depletion method and recovery efficiency will vary from 25 to 75 
percent depending on conditions and will average approximately 50 percent. 

\ The third major depletion mechanism is referred to as Water Crive. This 
will result when the oil reservoir is well connected to a large, permeable, 
water-filled zone. In this case also, recovery efficiency will vary from 25 to 
75 percent and will average approximately 50 percent. The movement of 

‘ fluids due to the force of gravity is seldom large enough to account for a major 
part of the driving energy. However, the presence of these forces in thick, 
permeable formations will often cause a significant modification of the 
naturally-occurring depletion mechanism. It very often happens that two or 
even all three nategel drive mechanisms are operative in the same pool. 


When this occurs the depletion mechanism is said to be Combination Drive. 
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Examples cof reservoirs whose major natural drive mechanism is 
Solution Gas Drive are Joffre Viking, Pembina and Steelman. There is no 
major field in Canada that relies solely on a natural Gas Cap Drive but 
reservoirs such as Bonnie Glen D3, Westerose D3, and many of the small 
Viking, Lower Cretaceous, and Mississippian pools draw a majority of their 
energy from gas caps. These may be more properly classified as Combin- 
ation Drive reservoirs. Fenn-Big Valley, Redwater , and Ingoldsby are 
examples of pools being depleted primarily by strong water drives. The 
effects of gravity segregation will be quite beneficial in many of the large 
limestone reservoirs because of their large productive thicknesses and 
high permeabilities. 

In Canada, recovery efficiencies that will be experienced from using 
only the natural driving forces will range from a minimum of only a few 
percent where very thin oil zones are encountered up to a maximum of 
approximately 70 percent in some thick, permeable limestone pools with 
Gas Cap and Water Drives assisted by gravity segregation. It is believed 
reasonable to estimate that the average recovery will be 30 to 35 percent of . 
the oil in place. 

Present Methods for Increasing hecovery 

During recent years great progress has been made in the ability to 
analyse the behavior of a reservoir using mathematical or electronic tech- 
niques. This ability has led to a better understanding of the forces acting 
within a reservoir which has permitted accurate studies to be made showing 


how these forces may be employed to yield the optimum recovery of oil. 
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The obvious conclusion reached from early studies was that the introduction 
of energy from an external source might increase recovery. The first 
large-scale applications of this theory were carried out in fields that haa 
reached total depletion mainly by Solution Gas Drive. Since these fields 
had already been depieted by primary recovery methods, the phrase 
"secondary recovery was created to describe the new processes. As the 
ability to predict the destiny of any field improved, it became apparent that 
in most cases the injection of gas or water would create greater benefits if 
it took place before the point of primary depletion had been attained. In 
view of this improved approach, the term secondary recovery has lost much 
of its former universal popularity, and it is now common to refer to the 
processes as assisted recovery projects or injection projects. 

i ea NE en eee Ce 

The fields in Western Canada are comparatively young and no 
large pool has been completely depleted. Therefore, no large secondary 
recovery projects are in operation but there are many assisted recovery or 
injection projects. 

These projects involve the injection of water or gas into the pro- 
ducing formation, The quantities injected may range from the return of the 
gas or water produced with the oil to the use of sufficient supplemental gas 
or water to maintain the reservoir pressure at a predetermined level or 
even to cause an increase to some higher level. An important factor in the 
initiation of a disposal program for returning produced gas or water tothe 
producing formation may be the desirability of conserving the gas or pre~ 


venting contamination by surface disposal of the salt water. In any case, 
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-5- 
however, return of produced gas or water results in conservation of reservoir 
energy which would otherwise be dissipated. Conservation agencies in 
wJestern Canada recognize this problem by reducing the oil production 
aliowables for wells that produce salt water or excess gas which is not 
re-injected. Penalties are waived when re-injection takes place. Most 
large fields with any significant water drive have water injection projects in 
operation. The largest is at Kedwater where as much as 20,000 barrels of 
produced salt water are returned to the formation daily. 

Gas or water from extraneous sources may also be injected to 
supplement the energy available in the reservoir. The location of the inject- 
ion wells is dependent upon reservoir geometry and rock characteristics. 

In many cases these wells may be located on a five spot pattern in which 
injection and producing wells alternate. As the permeability of the formation 
increases, it is possible to have more producing wells per injection well, 

and either a nine spot pattern, or a line pattern is used. In the ideal case, 
gas will be injected entirely into the gas cap ard water into the aquifer outside 
or below the oil productive portion of the reservoir. 

Substantial portions of the Pembina Field are being subjected to a 
Five Spot Water Flood, and smaller areas are installing nine spot projects. 
A line flood is operating in the Joffre-Viking Pool. A pressure maintenance 
project involving the injection of water into the aquifer below the oil zone is 
in operation in the Leduc D-3 Pool, while pressure maintenance in the Golden 
Spike South D-3 Pool is being implemented by injection of gas into the gas 
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The beneficial effects of these injection projects vary over a 
considerable range, Aeturn of the produced water or gas is the least 
effective, resulting in increased recoveries of only a few percent of the 
oil in place on the average. Full pressure Seteseecch may result in an 
increase in recovery of 30 percent of the oil in place, while the results of 
flooding operations will usually fall between these extremes. If all possible 
injection projects were undertaken, it is believed reasonable to estimate 
that the average recovery efficiency would be increased to about 45 percent 
of the original oil in place. 

New Methods for Increasing Recovery. 

The recovery methods discussed above, whether natural or induced, 
all rely on the ability of gas or water to flush oil to the well bore. The most 
efficient of these processes can yield recoveries as high as 75 percent with 
an average efficiency of approximately 45 percent. Recent papers in the 
literature indicate that many petroleum research laboratories are experi- 
menting with entirely new concepts of increasing recovery, It is claimed 
that these methods may increase recovery from certain fields to almost 
100 percent. 

These new methods rely in part on the flushing ability of an injected 
fluid but a majority of the improvement is made possible by actually 
changing the characteristics of some of the crude oil while it is still in the 
reservoir. This change may be accomplished by adding large volumes of 
heat to the crude oil or by directly employing a light hydrocarbon such as 
propane to act as a solvent. The required volume of heat may be injected 


by employing hot gasses or it may be generated by actually burning some of 
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the crude oil while it is still in the reservoir. This latter approach, 
called in situ combustion, requires the injection of air so that combustion 
can be maintained. Fundamentally theprocess relies on the heat to lower 
the viscosity of the crude oil so that it may be flushed more readily. The 
heat will also distill some of the lighter hydrocarbons from the oil which in 
turn will establish a solvent bank. The heavy ends left behind will act as 
fuel for the burning process, 

The second approach is generally referred to as Solvent Extraction 
or Miscible Displacement. This involves driving a bank of light hydro- 
carbons through an oil reservoir by meas of fluid injection. In some cases 
it is possibie to inject liquid propane and propel this with natural gas at high 
pressure, In other cases, it is possible to create the solvent bank by 
injecting high-pressure natural gas containing significant quantities of 
light hydrocarbons. 

Since no large-scale projects have yet been attempted, it is not 
possible to even estimate what the ultimate effect of these processes will be. 
However, their potential value is very large when it is considered that 
approximately 55 percent of all the oil discovered in Canada will not be 
produced by presently known and tested recovery methods. 

From the previous discussion it is epparent that the portion of oil 
within a reservoir that will not be recovered by primary production methods 
will vary trom a minimum of 25 percent under favourable circumstances 


to a maximum of 90 percent or more where conditions are very unfavourable. 
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-8- 
The volumes of oil represented by these figures are quite large for many 
reservoirs and assume immense proportions for the country as a whole. 
It has been estimated that the volume of recoverable oil which will ultimately 
be discovered in Western Canada will be approximately 50 billion barrels. 
These figures were obtained by using published data based on experience 
in the United States. Since the average recovery efficiency presently being 
experienced is considered to be approximately 30 to 35 percent, it follows 
that the total amount of oil in place which will be found in Western Canada 


will probably be about 159 billion barrels. 
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GAS PROCESSING 

The purpose of the seus atgntehion follows is not to present the 
detailed technical aspects of gas dsotewsint operations -- rather, it is in- 
tended to provide general information relating to the over-all functions of 
natural gas processing plants, to furnish statistical information relating 
thereto; and to provide an insight to some of the factors which govern or 
influence the installation and operation of such facilities. 

GAS PROCESSING PLANTS. 

Casinghead gas, produced in conjunction with crude oil, as well as 
unaesociated natural gas produced from gas fields, contains in its natural 
state varying amounts of water vapor, hydrocarbons which are extractable 
as liquids,and often times other objectionable impurities such as hydrogen 
sulphide, carbon dioxide, etc, Unlike crude oil, gas as produced in its 
natural state, normally is not suitable for pipeline transmission over long 
distances. Since pipelines afford the only economically feasible means of 
transporting natural gas,the gas must be subjected to treating processes to 
remove these objectionable substances so as to yield "dry" and telean" 
residue gas which conforms to rigid specifications limiting the maximum 
tolerable content of such substances. This treatment, which constitutes 
the most common function of gas processing plants is, of necessity, per- 
formed at or near the point of production of the gas. 

While the above-mentioned substances cannot be tolerated in gas 
which is to be transported and marketed as fuel, certain of these constituents 
upon further processing in a plant, yield valuable "by-products Ry 

eekesaly speaking, the so-called "by-products" most commonly 
available as saleable products from gas processing plants are commercial 


propane, commercial mixed butanes (iso-butane and normal butane) mixtures 
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of propane and butanes (all of which are commonly referred to as liquefied 
petroleum gases or L.PG's) and natural gasoline, In some instances, however, 
liquid or gaseous ethane as well as liquid iso-butane are available as plant 
products. In addition, in those instances where the produced gas contains 
significant quantities of hydrogen sulphide, elemental sulphur is often derived 
therefrom as a Saleable plant product. 

Significant technological advances have been made relative to methods 
of processing gas for liquid recovery during the past 20 to 30 years, The 


two processes used most widely today by the industry are the "' 


absorption 
process" and the "refrigeration process". 

The absorption process entails intimately contacting the natural gas 
at elevated pressures with low-boiling range oil (called absorption oil) which 
absorbs certain of the liquid constituents of the gas. The enriched oil stream 
is then heated and stripped of the absorbed liquids. The unstabilized liquid 
hydrocarbon mixture recovered thereby is then further processed by fraction- 
ation to effect the separation of the mixture into its various saleable compon- 
ents -- propane, butanes and natural gasoline. 

The refrigeration process entails cooling the natural gas at elevated 
pressures by means of a refrigerant such as propane or ammonia to a low 
temperature in the range of minus 10° F. At these conditions certain of 
the liquid constituents of the gas are separated as an unstabilized liquid 
hydrocarbon mixture. Through fractionation, the mixture is separated 
into its various saleable components. 

While higher percentage recoveries of ethane, propane and butanes 
can usually - realized through application of the absorption process, both 


of the above-mentioned processes are relatively efficient. Generally speaking 
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it is not uncommon for plants utilizing either process to be designed to 
recover approximately 50 percent of the propane, 85 percent of the butanes 
and essentially 100 percent of the natural gasoline constituents as contained 
in the ''raw'' natural gas. 

Several different processes have been employed over the years in the 
treating of ''sour'' natural gas to remove therefrom hydrogen sulphide and 
carbon dioxide (called ''acid gases"). However, the process most widely 
used today by the industry entails intimately contacting the sour gas with an 
amine solution which has an affinity for these acid gases. The amine solution, 
after having removed the acid gases from the natural gas, is heated and 
stripped of same. The regenerated amine solution is then available for 
re-use in the process, This process removes essentially all of the acid 
gases from the natural gas. 

The acid gases evolved by regenerating the amine solution are flared 
or,if economics justify, they are supplied to a sulphur recovery plant where- 
in through an oxidation process, elemental sulphur is derived from the hydro- 
gen sulphide gas, In excess of 90 percent of available sulphur is thereby 
normally recovered as a plant product. 

An operation termed ''dehydration'' is performed in gas processing 
plants for the purpose of removing water vapor contained in natural gas. 

The removal of such water vapor is necessary to prevent formation of 
hydrates or ice with consequent plugging of lines; to prevent accumulation 
of water in transmission lines which reduces capacity; and to prevent cor- 
rosionof equipment. Dehydration is also practiced on propane streams to 
joes freeze-ups which would otherwise occur when propane is vaporized 


for use in homes or commercial installations, 
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There are many methods and combinations of methods which are 
capable of accomplishing dehydration. However, except in certain special- 


ized services, the principal dehydration methods are (1) solid desiccant de- 


hydration, which employs beds of a granular material that can be regenerated 


by driving off absorbed water at elevated temperatures, and (2) liquid de- 
hydration, which involves circulating a concentrated solution of glycol over 
a contfactor through which the gas is passed. The water absorbed by the 
liquid is removed by distillation in a separate regenerator column, 

In many instances, it is necessary that natural gas be dehydrated 
even before it is introduced into a gas gathering system for delivery to a 
plant for processing. Even in such instances, it is often necessary, depend- 
ent upon theparticular treating processes to which the gas is subjected in 
the plant, that the dehydration operation be repeated at the plant in order to 
obtain a ''dry'' residue gas which is auitable for delivery to a gas trans- 
mission pipe line. 

While the foregoing description of the treating processes to which 
natural gas is subjected in gas processing plants has purposely been pre-~ 
sented in simple terms, it should be recognized that the operations are 
quite complex and require the installation of a great variety of types of 
costly equipment. The natural gas to be handled in a gas processing plant 
must, of course, be gathered from the various points of production in the 
field and delivered to the plant. The extent of such gathering facilities is 
dictated by the particular circumstances ~~ the gathering system may 
involve installation of a few miles of pipe lines or several hundred miles 


of pipe lines ranging from small to large diameter pipe. The plant proper 
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-~5- 
normally includes such major facilities as gas compressors, large vessels, 
processing towers such as fractionators, product storage tanks, steam 
generating and distribution facilities, electrical generating and distribution 
facilities, heat exchangers, pumps and drivers, instruments and controls, 
buildings, laboratory facilities, etc, 

Numerous factors are involved in the determination of the gas 
handling capacity which is to be provided in a particular gas processing 
plant. In this connection, it might be well to point out a basic factor which 
differs as between processing plants required for handling of casinghead 
gas and those required for handling natural gas produced from gas fields, 

The production of casinghead gas from an oil field fluctuates from 
day to day and from month to month depending upon the amount of oil being 
produced from the field, Thatis to say, the production of casinghead gas 
cannot be controlled directly at any given time. In those instances where 
the installation of a casinghead gas processing plant is prompted primarily 
by conservation measures, the capacity of the plant is established so as to 
effectively conserve the gas contemplated to be produced, having due regard 
to projected oil producing rate from the field. Cbviously then, the economic 
attractiveness of such a processing plant is geared to the prevailing rates 
of production of the oil with which the gas is associated -- when the oil 
production is curtailed for prolonged periods the plant might well operate 
at a net loss since, for reasons beyond the control of the operator, the 
plant must operate at reduced capacity. In many instances, installation 


and operation of such a plant is, at best, a marginal financial proposition. 
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In the case of a processing plant handling gas produced from a gas 
field, the capacity which must be provided is usually dictated by the terms 
and provisions of the prevailing gas sales contract. Most gas sales con 
tracts specify a ‘daily contract quantity'' and include provisions where~ 
under the seller of the gas is obligated, upon request of the buyer, to 
supply daily quantities in excess of said daily contract quantity -- the 
maximum quantity normally being fixed at about 120 percent of the daily 
contract quantity. Consequently, capacity must be provided in the plant 
to meet this obligation even though under the most favourable marketing 
conditions the buyer of the gas normally is under no obligation to purchase 
annually more than about 90 percent of the daily contract quantity. In 
other words, even when the gas processing plant is supplying a high 
load-factor market, there normally is no assurance that, on an annual 
basis, the plant will operate at more than 75 percent of its design or 
rated capacity. 

A gas processing plant required to be installed for the removal 
of liquids and hydrogen sulphide contained in gas produced from a gas 
field entails a large investment. Such a plant must be op erated at a high 
load-factor, both from the standpoint of plant processing efficiency and 
that of financial return. A low load-factor involves large changes in plant 
throughout which necessitate frequent changes in the complex operating 
controls, resulting in abnormally high unit operating costs and reduced 
process efficiency. The matter of load-factor is particularly critical in 
those instances where a relatively small portion of the revenue derived by 
a plant is stiihigaule to the recovered liquids and other products - due 


either to the relatively small quantities available or the limited market. 
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for such products. In such instances, the plant operator must, of necessity, 
rely heavily upon the revenue derived from the sale of residue gas to make 
his plant operation a profitable venture. Consequently, it is imperative 
that either the plant be connected to a high load-factor market outlet for its 
residue gas or require what might be considered a prohibitively high price 
for residue gas supplied to a low load-factor market. The preceding 
comment is particularly applicable tothe situation which will undoubtedly 
prevail in the western provinces where large reserves of natural gas con- 
taining high concentrations of hydrogen sulphide are being encountered. 
The added investment required to provide necessary facilities for treating 
such gas merely serves to aggravate the situation, 

At the present time, the only high load-factor market in sight is 
that offered by major pipeline projects, and, therefore, unless export of 
surplus gas is permitted, it is virtually certain that large reserves of gas, 
particularly wet or sour gas, will remain undeveloped ~ and the Canadian 
public will derive no benefits therefrom, 

Only three gas processing plants, having a total rated capacity of 
130 million cubic feet daily, were operating in Western Canada prior to 
1950 -- these having been placed in operation during the mid-1930's to 
handle gas produced from theTurner Valley field. During the period 
1949 - 57 some $35.8 million was invested in on-the-site gas processing 
plant facilities, Eleven gas processing plants of varying capacities have 
been placed in operation in Western Canada since 1950. The total rated 
capacity of all gas processing plants in 1957 was about 700 million cubic 


feet daily. Some 400 million cubic feet per day of this rated capacity is 
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attributable to three plants which are,or will be,supplying gas to the gas 
transmission lines installed by Westcoast Transmission and Trans ~ 
Canada Pipelines. Pertinent data relating to the gas processing plants 
operating in Western Canada are shown in Appendix il. 

It is conservatively estimated that in excess of $100 million will 
be expended by gas producers during the next three to four years to provide 
necessary additional facilities to process the anticipated gas requirements 
of the projects presently authorized for Westcoast Transmission and 
Trans-Canada Pipelines. This amount is, of course, over and above the 
significantly larger amounts already spent,and yet to be spent, by the oil 
and gas industry in making the gas available through exploratory and 
drilling operations, and for installation of major gas transmission pipe 
lines. Construction of such facilities will provide employment for hundreds 
of workmen; and upon completion, operation of the facilities will provide 
direct permanent employment for several hundred other persons. In 
addition, equipment manufacturers, suppliers and service firms will 
derive significant benefits from such a tremendous program. Further, 
the availability of additional products which will be derived from pro-~ 
cessing of the gas will tend to stimulate the demand therefor, and should 
serve to attract new industry including petrochemicals. In short, the 
over-all economy of Canada will be enhanced through these specific 
developments -- and for similar expanded developments which will 
necessarily follow when additional sizeable market outlets are obtained 


for Canada's surplus natural gas reserves. 
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DIFFERENCE IN APPROACH TO TRANSMISSION OF GAS AND OIL AND 
THe REASONS THEREFO 


The principal differences in the transmission of gas and oil lie in the 
methods of transportation and nature of the markets, 

Oil can be transported by pipe line, by water, by railway or by road 
and can be stored at either end,, Its ultimate market can be virtually 
anywhere in the world and it is sold in large quantities to a few purchaser 
refineries, It can be directed from one market to another as demand 
dictates, 

Gas can only be transported by pipe line, and can at present only 
be stored in appreciable quantities in a porous underground formation, 

It is sold mainly to public utility companies at any point along the route 
who in turn distribute it to a large number of purchasers, who then rely 
upon it as a factor in their economy and daily life, Once the 
distributing system has been installed the supply must be maintained and 
kept in balance with the demand, It does not have the same flexibility 
of transportation as oil, 

When a new oil field is discovered, the producer can immediately 
start shipping his oil to market by truck, and some revenue is obtained 
immediately, If the field develops sufficiently, a pipe line to market can 
subsequently be laid, 

Before a gas line can be laid a retail market sufficient to warrant 
the expenditure must be established at one end, and reserves of gas 
sufficient to supply thatmarket must be established at the other end, Enough 
wells to prove the required reserves must therefore be drilled and then 
shut in until the line is laid, Further in most cases, a plant must be 


erected to remove any liquifiable hydrocarbons, sulphur, water, or other 
impurities, which the raw gas may contain and bring the residue gas, thus 


conditioned, to specifications demanded by the purchaser, 
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Once a gas trunk line has captured a particular market, 1G 
usually holds that market until the reserves at its source are 
exhausted, Conversely, if a potential market is lost to gas from another 
source, there is usually little chance of breaking into that market, until 
the other source has declined to the point where it can no longer supply 


that market, 
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SUMMARY OF CANADIAN CRUDE OIL PIPE LINES 


@ Length of Line Capacity of Line 1957 
(Miles) B/D Throughput Refineries/Pipelines 
Point of Origin Destination Gathering Trunk Size of Pipe Source of Crude Original Present Barrels Served Remarks 


Le SS ES ee 


Amurex Oil Cessford field Railhead at - 5 6" Cessford field 7,200 7,200 122,189 12¢ Initial cost $65, 000 
Company (Alberta) Cessford 
Anglo American Turner Valley Hartell, Alta. 95 - an - 4n Turner Valley 1,500 1,500 283,710 Anglo-American ref, eo —  —- Seetae Hs > 
Exploration Ltd. field Hartell, Alta. = 
B-A Alberta Pipe Redwater field Redwaterter- 21.716 == "es GN > . oF Redwater - 20,000 3,405,000 Interprovincial Pipe- |. oe ree ae ee 
Line Limited minal Inter- line 
provincial 
Sg = eg ees ee ee a oS eee 
B-A Saskatchewan Stony Beach, Moose Jaw, - Dae 6-5/8" = Interprovincial Pipe- - 22,000 4, 450, 000 British American 
Pipe Line Limited Sask. Sask. _ Sey ee Ope ie: See ee et Beit. Messen aves. Pa a 
Britamoil Pipe Line West Edmonton, Alta. Duhamel, NewNorway, - 60,000 17,510, 000 Interprovincial and (iges Waite Extension to Drum- 
Company Limited Drumheller 145 171.5 33" - 125" Malmo, Stettler, Fenn- Trans Mountain heller field in 1958 - 
field Big Valley, Erskine, Pipelines also lateral extensions 
Clive, Joffre, West to gathering system. 
Dromhelier fields: -—— =: if . Sa ee 
Edmonton Pipe Line Camrose, Edmonton, Alta. 42.8 SOM iowa, Joseph Lake, Armena, Interprovincial and 15¢ Joseph Initial cost $2,025, 000. 
Company Limited Alta. he Camrose 16, 000 16,000 4,251,629 Trans Mountain pipe- Lake; 16¢ Additional gathering 
lines; B-A & McColl- Armenaand lines proposed for 1958. 
Frontenac Edm.ref- Camrose 
ineries, oa 
ipe Home Oil Company Sundre Calgary, Alta. 10 63 4in, 6-5/8", Sundre, Westward Ho, 18, 000 18,000 2,267,810 Imperial Oil & B-A Initial cost $2,560, 000. 
Limited - Cremona field 8-5/8". Harmattan-Elkton refineries, Calgary, 30¢ Extension of trunk line 
Pipeline Division. fields. Alta. of 7 miles - 6-5/8" 
A oe aoe ew oe ee = aor Rae alm proposed for 1958. _ 
Imperial Pipe a)Leduc-Wood- a) Interpr.Edm. 11.96 mi.2" Leduc-Woodbend, a) 72,000 a)18, 472,535 Interprovincial and Leduc-Wood- Approx. 35 mi. of 8" 
ine:Go, Ltd: bend. terminal and 51.16 mi.3" Acheson, Golden b) 24,000 b) 5,870,043 Trans Mountain pipe- bend {Kos loop was added to main 
1.0.L.refinery, 92.42 mi.4" Spike, Excelsior- c) 6,000 c) 1,316,732 lines; 1.0.L.refinery, Acheson 7¢; gathering lines between 
Edm. 324.28 = - 65.03 mi.6" Fairydell, Redwater d) 90,000 d)17, 854,996 Edmonton. Golden Spike 1951-54. Present gross 
b) Acheson and b) Trans Mountain 98.17 mi.8" 7¢; Excelsior capital assets $9.5 
Golden Spike and Interp.Edm. 6 53imir2* 6¢; Fairydell million. 


terminal 
c) Interprovincial 
Excelsior term. 
d) Interprovincial 
Redwater term, 


eee cy a SS a a ae ee See ae em SS 


c) Excelsior- 
Fairydell 
d) Redwater 


water 4¢ 


Tariff Rates 


24.5¢; Red- 


y Lakehead Pipe 


& 


- Length of Line 
(Miles) 
Gathering 


Sed mie 


Company Point of Origin Destination Trunk Size of Pipe 


Interprovincial 427.8 mi. To" 
Pipe Line Co. 363.1 mi. le" 
and A438) sme 20" 


657.9 mi.24" 


Line Company = 1,931 247.6 mom 
nee. Redwater, Port 644.4 Tate Oe 
Alta. Credit, x2 V8.0 Tl . 
Ont. 
*(including 
loops) 
Key Pipe Line iece tem oee. a. Ptn.NW; Sec.27, 1.17 By Oe 3m 4 gn 
Cow itd, Twp.15, Reet Twp,15, Ree.1, 
es ee: oe ee 
Mid-Saskatchewan Smiley & Eureka Kerrobert, 15 aS Aw oto 
Pipelines Limited fields in Sask. Sask. 
7 ee SS Se ee oe8 
Montreal Pipe South Montreal, = (oe 84 120 eu 
Line Co. Ltd. Portland, Maine Quebec. (2 lines) (22"looping) 
(eee eee a ee x ee 
Peace River Oil Sturgeon Lake Edson, Silat 107 45n- 16" 
Pipe Line Co.Ltd. field, Alta. Alberta. 
i ee ae ee 
Pembina Pipe Pembina Edmonton, 419.73 69.5 374", 6", 
Line Ltd. field Alta. SU LON, LZ, 
16", 
ee 
Rangeland Pipe West Rimbey, 84 aGe | AGG. 
Line Company Joffre Alta. iy 


Limited 


ee 


eS ee eee 


Bentley, West Joffre, 
Eckville, Medin, Gar- 
rington, Sundre, In- 
nisfail fields 


Rimbey, Alta. 


B/D Throughput Refineries/ Pipelines 
Source of Crude Original Present Barrels Served Tariff Rates Remarks 
Imperial & Britamoil Regent - Port Credit The line has approxim - 
pipelines at Redwater; B-A - Clarkson ately 848 miles of 
Imperial & Pembina Can.Oil - Sarnia loops. Construction is 
pipelines at Edm.;Gib- Imperial - Sarnia proposed to increase 
son pipeline at Hard- Bay Refining - Bay capacity of the system 
isty; Mid-Sask pipe- 95, 000 300,000 99, 251, 268 City to approx.: 
line at Kerrobert; Dow Chemical " Redwater 275, 000 b/d out of 
South Sask. pipeline West Branch - West to Edmonton 
at Regina; Westspur Branch Sarnia 379, 000 b/d out of 
& Trans-Prairie Lk.Superior -Super- Cromer 
pipelines at Cromer ior 64¢ 261, 000 b/d out of 
Gt.Northern - St.Paul Superior 
International - at a cost of $10, 000, 000 
Wrenshall 
Northwestern -St. Paul 
North Star - Winnipeg 
Imperial - Winnipeg 
Anglo-Can. - Brandon 
Imperial - Regina 
Cons Co-op. = Regime 
B-A - Moose Jaw 
ence 2 00G - ee = _Royalite - Saskatoon 
Wapella Field, Sask. 1,726 Types 247,573 Zee oe Initial cost $163,513 
2 e, 2oee  S eeeee = gsi ee Da 53 Ne ae 
Smiley-Dewar and Smiley-Dewar Original Cost 
Eureka fields in Sask. 8, 000 10,000 1,812,000 Interprovincial Pipeline 29¢ $1, 000, 000 
Ce eh a RS ee ee 
Foreign 60, 000 223,100 81,428,930 I.O0.L., McColl-Fron- Initial cost $10, 933, 927 
Countries tenac, Shell, B-A, Approx .0.0.mi.ce ” 
Canadian Petrofina 3G looping installed in 
refineries. 1956. Additional 11 mi. 
of 22" loop planned for 
1958, Ultimate capacity 
Si aE oe 3 Mees ee tine 
Sturgeon Lk.So., = 55, 000 3,392,672 Trans Mountain 256 Proposed lateral ex- 
Sturgeon Lk. & Little Pipeline tensions to gathering 
_Smoky fields . ee ek a = Be ee 
Pembina, Keystone & 125,000 155,000 38,285,000 Trans Mt. & Interpr. Gathering An addition of 50 - 60 
Willesden-Green fields pipelines, 1.0.L., Pembina & miles of gathering 
B-A & McColl-Front. Keystone 7¢. system proposed in 
refineries in Edm. Gathering 1958, 
Will-Green 
_...Banih Atanas iets ae : oe 
Gilbey West, Gilbey, 15, 000 30,000 3,285,000 Texaco Pipeline at Initial cost $5, 344, 600. 


Line's ultimate capac~- 
ity 70, 000 b/d. 
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~ ee 
Length of Line Capacity of Line 1957 
(Miles) B/D Throughput Refineries/ Pipelines 
Saskatoon Pipe- Milden, Saskatoon, - 56 .9 6" Interprovincial Pipe- 6, 000 6, 000 1,304,246 Royalite Hi-Way Ref. N/A Initial cost $1,587, 068 
Line Co. Ltd. Sask. Sask. ne at Saskatoon ee he ee ae ee 
ye td, OE Ult .capacity 50, 000b/d. 
South Saskatchewan Cantuar, Moose Jaw & Fosterton, Success, Husky & B<~A Ref. at Gathering: Initial cost $12, 000, 000 
Pipe Line Company Sask. Regina, Sask. 120 160 16" trunk Cantuar, Battrum, No. 20, 000 30,000 9,761,768 Moose Jaw; Consumers 10¢ - 123¢ Small extensions to 
Premier, Gull Lk. Coop.at Regina, Gt. Trunk: gathering system and 
Bone Cr., Instow & Northern & Northwest- local 29.5¢ possibly a booster 
Dollard fields. 2 Seat ein “<-> erm, St. Paul, “Minn= St. Paul 77¢ _ station proposed for'58. 
Texaco Exploration Rimbey, Edmonton, an 4950", Rangeland common Trans Mountain & 48 mi.16"loop - 1953 
Company, Pipe Line Alta. Alta. 29 135 8" 10",12", stream & Gibson Interprovincial pipe- 54 mi.10"loop - 1957 
Department. 16" Petroleum common 42, 000 106,000 18,966,703 lines. McColl- N/A Ultimate capacity of 
stream at Rimbey, Frontenac & B-A line 170,000 b/d. 
Alta.; Westerose, refineries at Edm. 
Bonnie Glen, Wiz- 
ard Lake & Glen 
yy hark ticles 7 0 et = eg 
Trans Mountain Oil Royalite, Ioco, Edson to: Two 50-mile 30" loops. 
Pipe Line Co. Edmonton, Burnaby, B.C. - 787 24" & 30" Alberta 120, 000 250,000 56,535,215 Standard & Shell ref- Burnaby 45¢ 
Alta. and Washington fields ineries in B.C.; Gen- Kamloops 43¢ 
State. eral Petr. & Shell Edmonton to: 
refineries in Washington Burnaby 45¢ 
Kamloops 43¢ 
Pts eear 
a wee 2 eS eee We ores ee he 
Trans-Prairie 
Pipelines Ltd. 
Manitoba System: Daly field Pumping station - 105 30,4", 6" North Virden-Rose- 15, 000 23, 000 6,010,946 Interprovincial Pipe- Daly 13¢ $150, 000 will be 
Re | of Interprovincial lea, Virden-Roselea, line Virden-Roselea spent in Manitoba 
at Cromer East Cromer, Wood- 11¢ during 1958. 
north & Daly fields. Woodnorth & E. 
Cromer 25¢ 
Routledge 22¢ 
Saskatchewan Weyburn field Westspur Pipe 504 - 4" 6", 8", - 40, 000 2,729,335 Westspur Pipeline $500, 000 will be 
System: Line, Midale, 10" spent in this area 
seh Se ee eee 22 2 ee Sa ee Ae during 1958. 
Westspur Pipe Line Midale and Interprovincial 252 185 4" 6", 8", Weyburn, Midale, King- 55, 000 90,000 20,140,000 Interprovincial Pipe Midale 223¢ Construction program 
Company/Producers surrounding Pipeline, 10%,12",16" sford, Steelman, Frob- Line, Cromer, Lampman 23¢ for 1958 consists of 
Pipelines Ltd. (com- fields through Cromer. isher, Alida, Notting- Manitoba. Steelman 17$¢ approx .$3, 500,000 for 
bined system) Steelman, Fro- ham, Ingoldsby, Cantal, Frobish.173¢ new gathering systems 
bisher & Alida Hastings, GlenEwen, GlenEwen 23¢ and $1, 250,000 for new 
Carnduff, Oxbow and Ingoldsby 173¢ terminal facilities. 
South Manor fields. Alida-Not- 
aaa ie nenwe ee sy ee SS SS a ee ee 
Winnipeg Pipe Gretna, Greater Winnipeg - aoe Oe Fields in Man., Sask, 24, 000 38/39,000 9,264,500 Imperial refinery, 
Line Company Manitoba, area (East St. 


Limited Paul & St.Boniface) 


& Alta. - also tankage 
of Interprovincial at 
Gretna, Man. 


On 


East St.Paul, Man. 
North Star ref., 
_ St.Boniface. _ _ 
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SUMMARY OF CANADIAN PRODUCT PIPE LINES 


Length of Line Capacity of Line 1957 
(Miles) B/D Throughput Markets 
Company Point of Origin Destination Gathering Trunk Size of Pipe Source of Products Original Present (Bbls .) Served Tariff Rates Remarks 
‘reen River Ex- Bonnie Glen Gas Calmar Leading - 14.70 43" Bonnie Glen Gas Plant 5, 720 5, 720 231, 843 Western provinces $0.29155 Initial cost $400, 195 
loration Co.Ltd. Plant Rock 
ee a ee Cee a eR a ee eT ee ee, oe ee on ak eee aed 
fisku Products Devon, Edmonton, Propane LPG distributors, 
>ipe Line Co.Ltd. Alberta. Alberta. - 66.1 PAB Gy Leduc Gas Conservation = 3, 760 298, 410 refineries and - 
Plant No. 1 Butane chemical plants in 
192,500 Edmonton area. 
Pentane 
ee ee ee ee ee ee Peas iil sack wa ee ASod 
arnia Products Sarnia, London, Hamilton, - 195.4 6-5/8", 102", Imperial Oil Refinery, 37, 000 76, 000 15, 224,500 London, Hamilton, - 45.4 miles looped. 
*ipe Line Ontario. No.Toronto, Tor- 123" Sarnia, Ont. Toronto, Ontario. Initial cost $10, 644, 000. 
onto, Ontario. 
un-Canadian 
ipe Line Company Sarnia, Toronto, - 211 5* Sun Oil Co.Ltd. & 18, 000 22, 000 6, 972,556 London, Hamilton ms Ultimate capacity 
imited Ontario. Ontario. Canadian Oil Cos. and Toronto, Ont. 35,000 b/d. Initial 
refineries. cost $6, 107, 455. 
~_———_ - — Se a ERE GS —-—_ i) Be 
Trans-Northern Montreal, Toronto & Hamilton, 442 N/A Montreal refining 
Qe eee Quebec. Ont. (Lateral to area. - 65, 000 N/A Ontario - Pipeline began oper- 
Ottawa, Ont.) ations Oct.1/52. 
—— — A nee SEES «pores Sea ee a ee a ey, 
Valley Pipe Line Turner Valley, Gathering - 
vO. Ltd. Alta. Calgary, Alta. 75.10 94.36 2" &- 4" Turner Valley field 24, 000 24, 000 1,767,521 Calgary & Royalties 16¢ 
Trunk - 
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SUMMARY OF CANADIAN NATURAL GAS PIPE LINES 


—— 


Length of Line Capacity of Line 1957 
(Miles) (MCF) — Throughput Tariff Rates 
Company Point of Origin Destination Gatherin Trunk Size of Pipe Source of Gas Present Ultimate (MCF) Markets Served (per MCF) Remarks 
CR Sen ee oS SS gE pee SS RR Re SS a mame = Re, aR aR RRR RRR RRR = Sa am ee caege ae ge re EE TSS 
ee Ajax Alberta Morinville, Edmonton, 52* 37 4" 6M gn, Morinville and St. 60, 000 = 8,088,000 Canadian Chemical Initial cost $2, 000, 000 
Pipeline Limited Alberta. Alberta, 10", Albert gas fields Co.Ltd., Edmonton; 


Plains Western Gas 
& Electric Co., 


Morinville, Alta, 
—<$<$<$<$<$<$<$———————————— 


The Alberta Gas Gathering agent in the province Present source - Ae we, 

Trunk Line Com- of Alberta for Trans-Canada - 117 18" & 34" Provost, No.Bindloss 125,000 ey 2, 800, 000 Trans-Canada Pipe- asranoneiee 

pany Limited Pipe Lines Limited & So.Bindloss fields jing’ : Dindheeces Cee 
fields to be linked in'58., 

ee es 6 ee ee a ee eee ee Le meh ere 

Canadian -Montana Pendant D' Alberta-Montana - 18 GH Pendant D'Oreille, Montana Power Co. Initial cost $767, 000. 

Pipe Line Company Oreille, border Smith Coulee, Many- 65, 000 98, 500 10,825,609 markets in Montana - 

_Alberta. berries, Black Butte 


and Comrey fields 
Sag iene Sete ope arene pea cr sg Se oR SR Si = a Sa i a SI I a a a SS 


Canadian Western Line runs throughout Brooks, Bow Island, Calgary, Lethbridge Initial cost $10,600, 000 
Natural Gas Co. southern Alberta 237.9 620.7 14" to 16" Foremost, Fenn-Big & 49 other commun- - 57 mi.16"transmission 
Ltd. Valley-Stettler (gath- 250,000 - 37,709,884 ities in southern line Carbon field to . 
ered at Nevis), Jump- Alberta. Calgary & 31 mi.3" 
ing Pound & Turner transmission line to 
Valley serve additional com- 
munities proposed for 
1958, 
59 TRS RR Se LS EERE SSE I a a Raa aaa aa aaa 
Grande Prairie Rycroft and Grande Prairie, 70* 43n Rycroft & Hamlin Spirit River, Rycroft, 
Transmission Hamlin Creek Alberta Creek fields. 6,500 = N/A Woking, Sexsmith, = Initial cost $750, 000 
Co. Ltd. fields. Clairmont & Grande 
Prairie. 
a RS SSR SR SSS oA aaa aa aaa na ee eee 
Inland Natural Savona,B.C, Nelson, B.C. 80 304 6" 8", 10", Westcoast Trans- 50, 000 = Interior of British Commenced operation 
Gas Co. Ltd. 12" mission line Columbia = Nov.1/57. Initial 
SS cost $24, 000, 000. 
re ae ene ee cs 
Mid-Western Fort Saskat- Sherritt-Gordon 9 1.4 Gath .3", 4", Fort Saskatchewan 6, 000 20, 000 1,849,692 Sherritt-Gordon Initial cost $370, 000 
Industrial Pipe- chewan field Mines Limited, 6"; Trunk 8" field. Mines Limited 3¢ 
lines Ltd. Ft.Sask. 


eee LT Ss Ss sss ssh Sse sss 


Mid-Western Redwater, Sherritt-Gordon Imperial Oil Ab- 3, 000 6,500 1,257,000 Sherritt-Gordon Initial cost $380, 000 
Industrial Pipe - Alta, Mines Limited, - 18.5 6-5/8" sorption Plant, Mines Limited 3.251¢ 

lines (Redwater) Ft. .Sask, Redwater, Alta. 

Ltd. 

“_~  heR aaaa—ee e  ee r e Ss  e e Se 
Mid-Western Alexander Wabamun, Gath.6-5/8" Alexander Indian 25, 000 100, 000 6,778, 175 Calgary Power Steam Initial cost $1, 300, 000 
Industrial Pipe- Indian Alberta. 4 34 Trunk 103" Reserve Power Plant,Wabamun, 2.4¢ 

lines (Wabamun) Reserve & North Canadian Oils 

Ltd. 


for delivery to Hinton, 
Alta. 


nnn nnn nnn rs ne Ss sss hs sss ss sss sessssssnnnrsns> 


Length of Line Ca; acity of Line 1557 


a 


(Miles) (MCF) Threughput Tariff Rates 
Com pan Point of Crigin Destination Gatherin Trunk Size of Pipe Source of Gas Present Ultimate (MCF) Markets Served (per MCF) Remarks 
@ North Canadian Wabamun, Hinton, 13€ .6 10" Mid-Western Indus- Northwestern Pulp & Initial cost $5, 000, 000 
OiL_Limited Alta. Alta. trial Pipelines 9,000 70,000 1,471,118 Power Ltd., Hinton, 
Pipeline (Wabamun) Ltd. Trans Mountain Pump N/A 
Stn., Edson, Alta. - 
towns along route of 
line, 
Northwestern North- North- Fields in North- North-Central Alta. 71 miles 16" pipeline 
Utilities Limited Central Alberta Central Alberta 243 778 ii" - 20" Central Alberta 341, 000 - 47,476,978 Distribution to com- from Pembina to Ed- 
munities = monton proposed for 
I rer tr ge a Se i a ee ee ee ee ee ee 
Peace River Trans- Pouce Coupe Dawson Creek, Pouce Coupe and Dawson Creek and Initial cost $300, 000 
mission Company field Bea 28% 4in South Coupe fields 6,000 - N/A Pouce Coupe,B.C. 
in Alberta, 
ee rr ee ee SS See ee ee ee eee 
Saskatchewan Coleville, Brock Swift Current, 72.8 673.8 25" to 14" Coleville-Hoosier, Saskatoon, Prince Al- 280 miles transmission 
Power Corp- and Success Moose Jaw, Hum- Brock, Success & 90, 000 130,000 11,033, 147 bert, No.Battleford, lines proposed for 
oration fields boldt, Saskatoon, So.Success fields Swift Current, Moose - 1958, 
Prince Albert- Jaw, Regina & 29 
North Battleford, smaller centers in 
Saskatchewan. Sask. 
South Alberta Etzikom gas Medicine Hat, 9.34 44.95 Gath.45"& Etzikom gas field 19,500 19,500 3,285,366 Northwest Nitro- Initial cost $1, 650, 000 
Pipe Lines Ltd. field Alberta. 6-5/8" Chemicals Ltd., & - 
Trunk 103" City of Medicine Hat 
Trans-Canada Pipe Burstall, Montreal, 2, 294 20", 30", 34" Bindloss, Provost, Local utility companies Initial cost 
Lines Limited Sask. Quebec. Sibbald, Oyen, Cess- 620, 000 = - in Saskatchewan, Man- $378, 000,000. 1958 
ford, Princess-Pat- itoba, Ontario and 2 construction will in- 
(Line 60% com- ricia, Atlee-Buffalo, Quebec. clude 735 miles of 30" 
‘pleted at year- Pincher Creek, Nevis, line from Port Arthur 
end 1957) Countess-Duchess, to Toronto. 
Kessler, Homeglen- 
Rimbey, Gilby fields 
Westcoast Trans- Taylor, Sumas (on the In- 155 650 30" Et ote OWN, Orel bt, 400, 000 660, 000 British Columbia and Initial cost 
mission Company Beer ternatiol border St.John, Montney, Northwestern States. - $175, 000, 000. 
Limited between Canada & Stoddard, Buick Creek, Commenced operation 
United States) Red Creek, Parkland October, 1957. 


fields in B.C.; Pouce 
Coupe, So. Pouce Coupe 
& Gordondale fields in 
Alberta. 


* (Includes Gathering) 
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WESTERN CANADIAN NATUNAL GAS AESERVES 


ESTIMATED RESERVES ATTHIBUTED TC DISCOVERIES 1951 -1956 


a i | 


PEYTON Mls tte 


Alberta (1) 10.0 
Saskatchewan (2) A) 
British Columbia (3) ewe 
Total hiae 


Gas/Cil equivalent at 30 Mcf = 1 bbl. - 390,000,000 barrels. 


(1) The Oil and Gas Conservation Board of Alberta estimates reserves 
added by new discoveries December 31st, 1950 to September 30th, 
1956 at 9.62 trillion cu. ft, 
(2) Saskatchewan reserves estimated from proven recoverable reserves 
as at December 3ist , 1956 of 548 billion cu. ft. with an allowance 
being made for reserves discovered prior to 1951. Source: Saskatchewan 
Department of Mineral Xesources. 


(3) Estimated 
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TOTAL EXPENDITURES OF FIRMS ENGAGED IN THE PETROLEUM INDUSTRY OF ALBERTA 
OIL FIRMS PROPER 
(In Thousands. of Dollars) 


Number of Firms 


ADMINISTRATION 


General Costs 

Federal, Provincial, Municipal Tax 
excluding Income Tax 

Capital Expenditures 

Leases, Rentals, Royalties & Fees 

Surface Leases 


EXPLORATION 
DRILLING - OIL AND GAS 


OPERATION OF WELLS - Including Flow Lines 


Development 
Cutpost 
Wildcat 


& Related Facilities 


PIPELINES AND RELATED FACILITIES 
OTHER SERVICES 
GRAND TOTAL 


(1) 
(2) 
(3) 
(4) 


Reports only include Administration 


Assumed to include Land Expenditures but not royalty 


Breakdown not available 


Land Acquisition, Rental and Royalty incorrect, Provincial Government Reports, Purchase Rentals and Royalties of $108,921 in 1954 and 


1951 


Negti 


19, 420 (1) 


66, 047(2) 
73, 220(3) 


21, 428 


1, 976 
886 


182, 977 


1952 


N.A. 


20s eno) 


93, 100(2) 
94, 818(3) 


SUsa0L 


3, 839 
1, 650 
250, 021 


LOS1=-*Lvo0. 


1953 


341 


23,051 


2,058 
31, 418 
65,073 

2,081 


50, 109 
50, 085 
5,901 
32, 403 
19, 623 


3, 671 
1,565 


287, 038 


1954 


278 


24, 436 


2, 449 
46,746 


95, 668(4) 


3, 462 
49, 417 
46,529 

1, 834 
37,783 
20, 736 


1,437 
1, 447 


331, 944 
SOURCE: Alberta Bureau of Statistics, Department of Industry & Labour. 


1955 


294 


30, 940 


2,416 
58, 422 


93, 363(4) 


1337 
46, 173 
79, 324 

4,043 
40, 923 
38, 720 


3, 983 
1,951 


401,595 


1956 


195 


THOM mse gorroy 00N 


493,540 


$108, 956 in 1955, A survey was conducted by the Provincial Bureau of Statistics in 1954 and it was found that $25,742 land costs were reported 


under capital expenditures, presumably this occurred in 1955 also, 
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TCTAL NET CASH EXPENDITURES CF CIz, FInMis (PRCPER) ENGAGED IN 
THE DEVELCPMENT OF ALBERTA CIL &RE SCURCES - ALBERTA, 1956 
Se re ae re ete ee ee 


(in Thousands of Dollars) 


1. EXPLORATICN $ 
(a) Geological ana Geophysical Expenditures 46,590 
(b) Exploratory Drilling - 

Dry jayaeD 
Productive - Cil 11,528 
Gas/Condensate 4,94¢ 

(c) Land Acquisition and entals 99,672 
(d) Cverhead (not included above) 10, 223 

2. LEVELCPMENT CiILLING - 

Dry 4,356 
Productive - Cil 85,104 
Gas /Condensate 3,000 
Overhead (not included above) 2,406 
3. CAPITAL EXPENLCITURES - 
(a) Field Equipment 
Cil 27,841 
Gas/Condensate 3, 746 
(b) Cther 14,944 
4, CPERATION OF W2LLS - Including Flow “Lines and 
nelated Facilities 36, 966 

5. NATUHKAL GAS PLANTS - 20, 9C2 

6, GENERAL - 

(a) Taxes (excluding income tax) 3,574 
_{b) Royalties 50, 443 
(c) All other Expenses (not allocated in 1-5) 35,186 

TCTAL CASH EXPENDITUAES OF CIL FIRMS PrHoPER 493,540 


SCURCE: Alberta Bureau of Statistics, 
Department of Industries and Labour. 


PETROLEUM REFINERIFS in CANADA as of DECEMBER 31, 1957. 


Location Type Date of Source Crude Oil Cracking Cracking Proposed 
e f f First f Capaci 
re) oO irs O apacity Plant Capacity Other for 
Refinery Company Refinery Operation Crude B/CD Units B/CD Units 1958 


eo eo eeeeeoaeqeq0auq0e0Q0E0BD>0q0000N0Q00.NNNNNNNN eeu, 


NOVA SCOTIA 
Halifax Imperial Oil Ltd. 5 Gels 1918 Venezuela 44,500 Catalytic 
- fluid 17, 000 


i 


NEW BRUNSWICK 


Weldon - New Brunswick Cil- S. 1931 New Brunswick 300 
fields Ltd. 
QUEBEC 
Montreal East The British Amer- S.C.A. 1931 Venezuela 45, 000 Catalytic Cat.Poly. 
ican Oil Co.Ltd. . - fluid 19, 900 Cat. Reformer 
Cumene 
Pte. -aux-. Canadian Comp. 1955 Middle East 20, 000 Catalytic Alkylation, poly- Increase capac- 
Trembles Petrofina Limited Venezuela - houdriflow 18, 000 merization, ultra- ity to 30,000 
Thermal forming, desul- b/d by addition 
- fluid coking phurization of more distil- 
e lation and re- 
forming cap. 
Montreal East Imperial Oil Ltd. S$.C.A. 1916 Venezuela 71, 800 Catalytic Cat. Poly. 
- fluid 19, 500 
Thermal 
~ visbreaking 12, 000 
- reforming 4, 200 
Montreal East McColl-Frontenac S.C. 1927 Middle East 59, 000 Catalytic Cat. Poly. 10, 000 b/d Hyd- 
Cil Company Trinidad - fluid 21, 600 Cat. Reforming rotreater, com- 
Thermal pletion early 


- vishreakine 172300 1958. 
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Location Type Date of Source Crude Oil Cracking Cracking Proposed 
of of First of Capacity Plant Capacity Cther for 
eS Refinery Company Refinery Operation | Crude B/CD Units B/CD Units 1958 
Montreal East Shell Oil Company Comp. 1933 Venezuela 60, 000 Catalytic Cat. Reforming, 
of Canada Ltd. Middle East - fluid 22, 000 Vac-flashing, Hydro- 
Thermal desulphurization, Cat. 


- visbreaking 7,500 Poly. 


ONTARIO 
Clarkson 


Corunna 


Fort 
William 


e 


Sarnia 


The British Amer- 
ican Oil Co.Ltd. 


Canadian Oil Com- 


panies Limited 


Canadian Husky 
Oil Ltd. 


Imperial Oil Ltd, 


Comp. 


ee 


De. 


Detail. 


1943 


1952 


1952 


1897 


Western Canada 
Venezuela 


Western Canada 


Southeastern 
Saskatchewan 


Alberta and 
Ontario 


55, 600 


30, 000 


4, 000 


77, 000 


Catalytic 

- fluid 
Thermal 

~- cracking 


Catalytic 

- fluid 
Thermal 

- visbreaking 


Catalytic 
- reforming 


Catalytic 
- fluid 
Thermal 
- visbreaking 
- reforming 


10, 500 


4, 000 


12, 000 


4,000 


1,000 


20, 000 


16, 000 


Cat.Poly. 
Lube Plant 
Grease Plant 


Cat.Poly. 
Cat.Reforming 


Desulphurization 


Fngineering 
work on new 
20,000 b/d 
crude unit. 


Dieselformer 
for hydrogena- 
tion of intermed- 
iate products - 
1000 b/d, Comp. 
Feb/58. 120, C00 
bbls. additional 
storage. 


Other 
in Units __ 


Cat.Poly. 
Cat. Reforming 


Cat.Reforming 


Cat, Poly. 
Cat,Reforming 


Vac, distillation 
Cat.Poly. 


Cat. Poly. 


Cat, Reforming 


Location Type Date of Source Crude Oil Cracking Cracking 
of of First of Capacity Plant Capacity 
2 Refinery ___—~—=—Company _ Refinery __ Operation ___-Crude____s B/CD___ Units ___ -B/CD 
Port Credit Regent Refining Sy 1938 Western Canada 20,000 Catalytic 
(Canada) Ltd. Trinidad - fluid 7, 000 
Venezuela 
Sarnia Sun Oil Company Sc 1953 U.S.Gulf Coast 15,000 Catalytic 
Limited - houdriflow 11, 000 
MANITOBA 
Brandon Anglo-Canadian See 1938 Alberta 3, 0CO Thermal 
Oils Limited - cracking jens 
Winnipeg Imperial Oil Ltd, noted As 1951 Alberta 18, 000 Catalytic 
~ fluid 6,000 
St.Boniface North Star Oil Comp. 1927 Western Canada 12,000 Catalytic 
Limited - fluid 5, 000 
@ Winnipeg Radio Oil Refin- S. 1930 Western Canada 2,000 
rm eries Limited 
SASKATCHEWAN 
Moose Jaw The British Amer- 5 oo. 1934 Alberta 13,500 Catalytic 
ican Oil Co,Ltd. Saskatchewan - fluid 4,000 
Thermal 
- cracking 1,350 
- delayed coking 2, 000 
Moose Jaw Canadian Husky Oil S.A, 1949 South west 3, 000 
Ltd. Saskatchewan 


Dieselforming 


Page 3. 


Proposed 
for 
1958. 


1000 BSD Plat- 
former; 50 BSD 
Poly. Unit. 


Powerformer 
3, 150 B/CD. 


2700 b/d Cat. 
desulphurizing; 
2700 b/d cat. 
reforming. 
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Location Type Date of Source Crude Oil Cracking Cracking Proposed 
of of First of Capacity Plant Capacity Other for 
G Refinery Company Refinery Operation Crude B/CD Units B/CD Units 1958, 
Regina Consumers! Co- Comp. 1935 Alberta 15, 000 Catalytic Vac, distillation Low pressure 
operative Refiner~ Saskatchewan - fluid 5,000 Cat.Poly. coking unit, 
ies Ltd. Thermal capacity 3000 
- visbreaking 3,000 BSD Feed, 145 
tons/day Coke. 
Regina Imperial Cil Ltd. re pk Ct 1916 Alberta 22, 500 Catalytic Cat. Reforming 
| - fluid 8,500 Cat. Poly, 
Thermal 
- cracking 4,500 
Kamsack Northern Petrol-~ S. 1936 Wapella, Sask. 1,000 
eum Corp.Ltd. 
Moose Jaw Petroleum Fuels Ltd. 5S. 1953 Saskatchewan 1,100 
Prince Albert Prince Albert yA 1950 Coleville, Sask. 1, 000 


Refineries Ltd. 


Saskatoon Royalite Hi-Way Bo ees 1933 Alberta and §,500 Catalytic Cat.Poly. 
Ltd. Saskatchewan ~ fluid 2,600 

Coleville Royalite Cil S.A. 1953 Coleville,Sask, 5,000 Oxidizing Unit 
Company Ltd. 

ALBERTA 

Hartell Anglo American re ed Mette 2 1939 Turner Valley, 4,000 Thermal Cat. Poly. 
Exploration Ltd. Alberta, - cracking 1,350 Cat.Reformer 

Bonnyville Bonnyville Oil Ss. 1952 Bonnyville, 1, 000 


Refineries Ltd. Alberta, 


Location 
of 
Refinery 


Calgary 


Edmonton 


Lloydminster 


Lloydminster 


Calgary 


Edmonton 


F. dmonton 


Grande 
Prairie 


__ Company 


The British Amer- 
ican Oil Co,Ltd, 


The British Amer- 
ican Oil Co.Ltd. 


Canadian Husky Oil 
Ltd. 


Excelsior Refiner- 
ies Limited 


Imperial Oil Ltd. 


Imperial Cil Ltd. 


McColl-Frontenac 
Wa oO. Ltd, 


North Star Oil 


Limited 


Type Date of 
of First 
Refinery  Operciion 
Se A 1939 
o.C, 1951 
Dpeie 1947 
S.A. 1945 
Seas 1923 
ey Go 1948 
D,C% 1951 
hel 1956 


Source 
of 


Alberta 


Alberta 


Alberta and 
Saskaiche wan 


Alperta and 
Sasketchewan 


Alberta 


Alberta 


Alberta 


Alberta 


Crude Oil 
Capacity 
sed ED 


6, 800 


7,800 


8, 500 


4, 000 


6,750 


28, 500 


11, 900 


2,500 


Cracking Cracking 
Plant Capecity 
Units B/CD 

Thermal 

- cracking 2, 290 
Cataiytic 

~ fiuid 1, 800 
Thermal 

- cracking 1, 300 


- delayed coking 1, 900 


Thermal 

- cracking 4,600 
Catalytic 

- fruid 8,500 
Thersraal 

~ cracking 6, 000 
Catalytic 

~ fiuid 4,070 
Thermal 

- cracking 2,700 
Thermal 

- cracking 1, 000 
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Proposed 
Other for 
Urits 1958 lee 
Cat. Reformer 


Cat. Reformer 


Cat, Reformer, 
Desulphurization 


2 Asphalt 
Oxidizers 


Increase crude 
capacity to 14, 
700 B/CD; 

Powerforming 
2700; catalytic 
cracking 6600, 


Alkylation Unit 


Powerformer 
Lube Plant 


Cat, Pola 
Cat. Reformer 


Cat. Reformer 
Cat.Desulnvh, 
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Location Type Date of source Crude Oil Cracking Cracking Proposed 
of of First of Capacity Plant Capacity Other for 
© Refinery Company Refinery Operation Crude B/CD Units B/CD Units 1958 
Wainwright Wainwright Pro- haere 1934 Alberta 3,500 Vac .distillation 3000 b/d ther- 
ducers & Refiners mal cracker & 
Ltd. 1000 b/d cat, 
reformer & de- 
sulphurizer. 
Crude through- 
put increased 
to 4000 b/d. 
BRITISH CCLUMBIA 
Ioco Imperial Oil Ltd. Saute 1915 Alberta 30, 000 Catalytic Cat. Eo. Powerformer 
- fluid 7,650 comp,early 
1958; 
Kamloops Royalite Oil I St 1954 Alberta 5, 000 Catalytic Cat s-roly, Completion of 
Company Ltd. - fluid 1, 400 1000 b/d plat- 
former; plan 
1500 b/d uni- 
finer. 
@ 3. cnaby Shell Oil Company Comp. 1932 Alberta 19,500 Catalytic Cat.Poly. Additional fac- 
of Canada Ltd. - fluid 5, 700 Platformer ilities for man- 
Thermal Vac. Flashing ufacture of 
- visbreaking 4,000 special solvents 
for dry cleaning 
and paint & var- 
nish industries. 
North Standard Oil Co.of Comp, 1936 Alberta 18, 000 Catalytic Cat. Poly. Lube oil blend- 
Burnaby British Columbia ~ fluid 9, 000 Cat. Reformer _ ing plant. 


Ltd, 
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Cracking Cracking 
Plant Capacity 
inthe eee CUE 

Thermal 
- cracking 740 


Location Type Date of Source Crude Oil 
of of First of Capacity 
Refinery Company Refinery | Cperation —_- Crude eee 
Dawson Creek X-L Refineries Sees 1955 Northern Alberta 3,000 
Limited and British Col- 
umbia 
NORTHWEST TERRITORIES 
Norman Wells Imperial Oil Ltd. S. 1921 Norman Wells 1,300 


Other 
____Units _ 


Cat.Reformer 
Houdriformer 


Page 7. 
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for 
1958 


Possible instal- 
lation of facilit- 
ies for manuf- 
acture of 
asphalt, 
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DAILY* CRUDE OIL CAPACITY OF CANADIAN PETROLEUM REFINERIES 


1937 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 
Province No, B/D No. B/D No. B/D No. B/D No. B/D No, B/D No, B/D No. B/D No. B/D No, B/D No. B/D No. B/D 
Nova 
Scotia 1 11, 000 1 34,000 1 25, 000 1 22, 000 1 22, 000 1 22, 000 1 22, 000 1 18, 000 1 18, 000 1 18, 000 1 42,000 1 44,500 
New 
Brunswick 1 300 1 300 1 300 1 300 ] 300 1 300 1 300 1 300 1 300 1 300 1 300 1 300 


Quebec 5 68,500 4 73,000 4 107,000 4 124,000 4 143,000 4 160,000 4 164,000 4 176,000 4 171,500 5 210,000 5 247, 000 5 255, 800 
Ontario +) 40,500 6 87,950 6 88,700 5 83, 700 4 15,200 4 79,400 5 104,500 6 135,000 6 142,300 6 148, 800 6 159, 700 6 201,600 
Manitoba 3 2, 450 3 4,500 3 4,500 3 7,300 3 7, 800 4 20, 500 4 19, 700 4 20,000 4 20, 000 4 29,800 4 30, 800 4 35,000 


Saskat- 
chewan 18 16,570 7 17,475 7 26,475 7 26, 475 8 33,575 10 47,500 8 50,300 10 58, 100 10 67, 300 9 66, 300 9 69, 350 9 68, 600 


Alberta 8 9, 800 6 21,300 7 35, 750 rt 43, 200 7 46,900 11 61,750 12 68,000 10 69,150 10 68,600 10 77, 500 11 719, 350m ers 85, 250 
British 

Columbia 3 19,500 3 22,300 3 26,650 3 25, 650 3 28, 850 3 28, 850 3 28, 350 3 45, 850 4 55, 500 5 66, 500 5 70, 250 5 75, 500 
N.W.T, 1 150 1 1,100 1 1,100 1 1,000 i 1, 250 1 1, 250 1 1, 250 1 1, 250 1 1, 250 1 1, 250 1 1,300 1 1,300 
CANADA | 


TOTAL 45 168,770 32 261,925 33 315,475 32 333,625 32 358,875 39 421,550 39 458,400 40 523,650 41 544,750 42 618,450 43 700,050 43 767,850 


* - Calendar Day 


Source 


B. 
Ce 


Al- 
berta 


lst Quarter 
2nd Quarter 
3rd Quarter 
4th Quarter 
Total 
lst Quarter 
2nd Quarter 
sca sauarter 
4th Quarter 
Total 
lst Quarter 
2nd Quarter 
3rd Quarter 
4th Quarter 
Total 
lst Quarter 
and Quarter 
3rd Quarter 
4th Quarter 
Total 
Ist Quarter 
2nd Quarter 
3rd Quarter 
4th Quarter 
Total 


TOTAL WESTERN 
CANADIAN DISPOSITION 22,732, 687 


Destination; _ 


British 
Columbia 


103, 997 
78,754 


ESTIMATE OF WESTERN CANADIAN CRUDE OIL DISPOSITION - 1957 (1) 


Prairie 


Provinces 


Ontario 


Northwest 
Territories 


Utes 


__Puget Sound 


i Opece ss 
South (2) 


U.S.A Great 
Lakes Area _ 


Vancouver 


en LL 


6,191, 469 
6, 242,758 


10, 910, 734 
10, 368, 710 
12,095,131 


8, 371, 552 
9, 668, 852 
8, 212, 486 


6, 861, 365 
6, 636, 377 
7,806, 550 


1, 902, 428 
1,564, 462 
1334-402 
1, 438, 328 


3, 216, 887 
3,595,745 


328, 369 


eee RSENS 


43, 063, 868 
3, 250, 878 
2,445, 202 
2,327,693 


10, 894, 340 
268, 037 


34,310, 558 
1, 905, 489 
2,895,744 
4,556, 897 


12717241 20 
149,733 
534, 116 
072-742 


2,748, 273 
3, 003, 858 
2,784, 835 


11, 939, 120 
1, 013, 728 
804, 887 
646,531 


ee 


Marine Term- 
> inal (3) 


_ TOTAL — 
103, 997 
78,754 
80, 549 


89,742 
353, 042 


37, 957, 306 
38, 046, 273 
36, 043, 071 
28, 102, 061 


140, 148,711 


7, 904, 620 
8, 344, 804 
9,669, 425 

_10, 631,731 

36, 550, 580 


i NN 


1, 431, 498 
1, 339, 003 
1,671, 745 
1,587, 56° 


= $a 


130, 193 
84,701 
125, 354 


a ee ee GR SE a gE Sage = 


54, 297, 006 


50,587, 017 


383, 701 


et Cats LU ee ee ee oP ee re ee ee ee eee 


382,701 


1) Disposition differs from actual production due to inventory and loss, 
2) Crude oil exported from southern Alberta to northern Montana, 


3) Offshore shipments. 


26, 937, 543 


76, 106 


21, 310, 788 


7,141,001 _ 183, 464, 849 
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APPENDIX I 
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RESERVES COMMITTEE 
RULES FOR CALCULATING PRCVED KESERVES 


The following is the set of rules for calculating proved reserves 
used by the members of the Canadian Petroleum Association's (C.P.A.) 
Reserves Committee. In general, the principles established by the 
American Petroleum Institute's (A.P.I.) and American Gas Association's 
(A.G,A.) Reserves Committees will be followed, except in a few instances 
where the C.P.A. Committee feels that it is in order to deviate from these 
principles, It should be emphasized that these rules are not hidebound 
and, in many instances, it will be necessary for the engineer to use his 
best judgment as to whether or not certain reserves should be included 
as proved. As a general principle, it is better to be conservative and make 
upward revisions the following year after additional data is obtained than 
to find it necessary to make downward revisions at that time. 


CIL AND NATURAL GAS LIQUID RESERVES 


The estimates refer solely to proved or blocked-out reserves. 
They include only oil and natural gas liquids recoverable under existing 
economic and operating conditions. These estimates should not include: 


(1) Cil under the unproved portions of partly developed fields. 
(2) Cil in untested prospects, 


(3) Oil that may be present in unknown prospects in regions 
believed to be generally favorable. 


(4) Cil that may become available by fluid injection methods 
from fields where such methods have not yet been applied. 


(5) Oil that may become available through chemical processing 
of natural gas, 


(6) Cil that can be made from oil shale, coal, or other sub- 
stitute sources, 


CIL RESERVES 
Wells or Areas to be Included 


Proved reserves are both drilled and undrilled, Proved drilled 
reserves in any pool should include the oil estimated io be recoverable by the 
production systems now in operation, whether with or without fluid injection, 
and from the area actually drilled up on the spacing pattern in vogue in that 
pool. The proved undrilled reserves in any pool should include reserves 
under undrilled spacing units which are so related io the drilled units that 
there is every reasonable probability that they will produce when drilled. 


=o 


N.B. As a general rule, in partially developed fields only immediate and 
diagonal offsets to drilled wells are included, However,-where the geological 
information is such that there is every reasonable probability that undrilled 
spacing units will produce when drilled,.such spacing units should be included 
in the proved reserves, If for any-reason any of these offset locations are 
questionable, then they should be excluded, Where sufficient information is 
available to warrant-taking in a larger area, then the larger area will be used, 


In the case of new discoveries, both of new fields and new pools (pays, 
reservoirs) in old fields which are seldom fully developed in the first year and, 
in fact, for several years thereafter, the estimates of proved reserves nec-~ 
essarily represent only a part of the reserves which may ultimately be assigned 
to the new reservoirs discovered each year. For a one-well field where dev- 
elopment has not yet gone beyond the discovery well, the area assigned as 
proved is usually small in regions of complex geological conditions, but may 
be larger where the geology is relatively simple, In a sparsely drilled pool 
the area between wells is considered to be proved only if the geological and 
engineering data assure that such area will produce when drilled, The total 
of new oil through discoveries estimated as proved in each year is comparat- 
ively small because the development is usually not extensive during the first 
year. The total of new oil through extensions, on the other hand, is compar- 
atively large. As knowledge of the factors affecting production and reservoir 
performance becomes available, and as these factors are studied, reserves 
in the older fields can be estimated with greater precision and revised accord- 
ingly. Therefore, the total quantity of the new proved reserves for the year 
should include the oil from discoveries and extensions modified by revisions 
of previous estimates where new data have made better information available. 


N.B, Inthe case of new discoveries, both of new fields and of new pools in 
old fields in which there is only one well drilled at the time of making the 
estimate, it is usual practice for the C.P.A. to use only one spacing unit for 
reserve calculations. Where sufficient information is available to warrant 
taking in a larger area, then the larger area will be used. 


Fields or Pools on Which Only Drill Stem Tests Have Been Run 


The A,P.I, Committee do not include reserves from pools which have 
been cased through and left unperforated, or a zone which has only been pro- 
duction tested by a drill stem test, unless at least one well in such pool has 
been produced for a sufficient time to establish the fact that commercial pro- 
duction can be obtained. The C,P.,A, Committee feel that in certain instances 
where resuits of the drill stem tests leave no doubt that commercial production 
can be obtained that such reserves should be included, ‘ 


Uneconomic Pools or Fields 


In the case of a pool in which wells have been drilled, cased and 
proven uncommercial after a production test, the reserves should be excluded, 


Oil reserves in r9o0's or fields where it is uneconomical to produce 
same as a result of qua..ty of oil and operating costs under the present economic 


ee 


conditions should not be included. However, fields which are not now econ- 
omical to produce due to the lack of pipe line facilities, but which would be 
economical if the pipe line facilities were installed (and it is probable that 


such facilities will be installed at a future date) should be included in the proved 


reserves. 
Fluid Injection 
The term "fluid injection" includes: 
(1) What is commonly called “pressure maintenance", 
(2) Cycling. 
(3) Secondary recovery in its original sense, namely, fluid injection 


applied relatively late in the development history of a reservoir 
(pool) with the purpose of stimulating petroleum production after 


recovery by primary methods of flowing and pumping has approached 


an economic limit. 


The reserves which may become available as a result of fluid injection 
are regarded as proved only after thorough testing by a pilot plant or, better, 
after operation of an installed fluid injection procedure has actually demonstra- 
ted certainty of recovery. Then, and only then, should such reserves be in- 
cluded in estimates of proved reserves. 


NATURAL GAS (14.35 psia at 6COF) 
Wells or Area to be Included 


A proved reserve may be in either a drilled or undrilled portion of 
a given field, When the undrilled area is considered proved, it is so related 
to the developed acreage and the known field geology and structure that its 
productive ability is considered assured. 


The A.G.A. follow a similar practice to that used by the A.P.I. 
Committee with regard to the area included for oil reserves, It is common 
practice to include only one spacing unit for a new discovery in a new field 
or in a new pool in an old field. 


Neb. If any shut-in gas well is excluded by the area representative 
in calculating reserves, or if the area representative has in- 
cluded any shut-in gas well that he is in doubt about, the 
matter should be brought to the attention of the Committees. 


Abandonment Pressures 


The A.G.A, make a practice of including as proved recoverable res- 
erves of natural gas, those reserves estimated to be producible under present 
operating practices. Since the estimates are made by pools, recovery or 
abandonment pressures used in the calculations are governed by the operating 


=none wor tot wie Abiiw wine: ee ee 
Ps bidurhor doidtur deel eahliioal batt egha te 3 
‘word ldscigty eka brig) balletenl atew ® a | ‘oni 

Dever (ES gh pabptont ad bisrosts jotab suviath: a Bic erie 
ae 


Te) Be eae © 
Ht \ b 


‘ eeboLoat sotto att mah ast are. 


ch gx ‘asia staan, retail! bettas > idonanoe a nad ode my ye | ‘ a 

. ee ae 

sodtoat itt bhirit aehoied SRR bjeigixe ‘ati ii apie ox sana a Py Se 
AO Seoy FR bi vrotntd Meiinolih old nh adel yloviie ten belies eam 1 i 
valle notisibin mmslontg@, Baits cae 2o BRANT aT sty Atay (oop Fs ae ay 
“betosetags wad gaitqoiud baie gniwolt tows ‘yal os Une rae aed yd yrevoos: a 
oan Hands aS | a. 

a nearer Bint to dined SBA.  aidaitans eee mr Rene Hostel eoytiia « wee ‘a es 
faited .10 taasn joltq a yt _ohest dquotodt +9fha vine haverg.6s hodwago. I4B , 


sia stacbintoh vileuts > aed ost: sporry aohioogt bHa tay! Gand ant aw ‘te Rolie sqo cone a. : 
~ot od apy 98a7 fove biveda .a~oth ying fae ent «gsavesss Iéyiaisstes bets: 
, 8 aoaett besiivicss to- ‘RaAUATOS mi habits 


Bie e 


‘do vara @ ee aay ae. mam TEE 


te othe bellinbag ro bellith » togthe oF sa ‘iit | ae’ 

' Betelet of al H ,bevotd betebtenes, al seme brepbhderts ay’ ‘opt ae 
&ik edi osutourts bas Yaotosg bj alt ‘prer coatral gar bia BOYDR ¢ 
Aotwass batot 


Ld, A ond ud bead ted) of sotioaty celdatke 2 oll 
acmmos of 1 ,eorreest Iho 50% babyloal sete et ot, 
“biol wast nt yisvooRlb wed i 10 tate igh nea 2 


ovbisinesstqs% Bote adt yc bebuloxa eh new 

at eed ovbioiepearqes gore ort Ws y,, men é 
‘oft Suoda sdieb id oi Ott toil aw Hep 
seeottienmne) gilt to ebithotis oft ot’ gore 


conditions in each individual pool. 


If the gathering pressures used initially in a pool are used for calcul- 
ating reserves, such estimates could very well be ultra-conservative. Prob- 
ably the best solution would be to have the engineer making the reserve study 
use an abandonment pressure based on the economics of producing, on the 
conservative side, 


Shrinkage 


Proved gas reserves are based on the estimated recoverable gas in 
the state it occurs in the formation, less any shrinkage that is anticipated, 
if the gas is to be processed, for natural gas liquids, hydrogen sulphide, 
carbon dioxide, etc., but no adjustment is made for gas which it is estimated 
will be flared, used in the field or in processing plants, etc. This latter gas 
is shown as production at the time it is actually withdrawn, and reserves re- 
duced at that time. 


Classification of Natural Gas 


In making estimates of proved recoverable reserves of natural gas, 
a breakdown should be made to show the amount of non-associated, associated, 
cissolved and underground storage. 


Non-associated gas is free gas not in contact with crude oil in the 
reservoirs. 


Associated gas is free gas in contact with crude oil in the reservoirs. 
Dissolved gas is gas in solution with crude oil in the reservoirs. 


Underground storage is net gas placed in underground reservoirs for 
storage purposes only. 


Underground Storage 


Stored gas reserve is the quantity placed in a natural gas reservoir 
and not yet removed. This includes only gas which is transferred from one 
field to another natural underground reservoir in another field, not to another 
area in the same pool from which it is withdrawn or to another pool in the 
same field, 


The A,G.A, have made a change with regard to stored gas. In previous 
years, stored gas was considered to be that gas which had been transferred 
from its original reservoir location in a gas or oil field to another underground 
reservoir for the primary purpose of conservation, fuller utilization of pipe 
line facilities, and more efficient delivery to markets, Any additional gas 
remaining in the underground storage reservoir when injection began, and 
which had not been produced, was ciassified and listed, for the most part, 
ag a non-associated natural gas. Beginning in 1953, the A.G.A. Committee 
has included in the underground storage figure that gas "cushion gas" which 
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was native to the reservoir at the time storage injection began. Correspond- 
ingly, this ''cushion gas'' has been subtracted from its previous reserve cat- 
egory. Adjustments in, withdrawals from, or additions to storage are incl- 
uded in the figures shownunder the heading ''Net Change in Underground 
Storage". This is distinguished from the net production which is gross with- 
drawals less gas injected into producing reservoirs. Changes in underground 
storage are excluded from net production, 


Pressure Maintenance 


Any gas that is re-injected for pressure maintenance purposes shall 
be treated as negative production, 


Marginal or Uneconomic Fields 


Following the discussion in Banff, it is felt that remoteness from 
any existing or proposed gas transmission line should not be a factor in ex- 
cluding gas reserves. It is felt that the only gas reserves which should be 
excluded are those which it would be uneconomical to gather in the event a 
transmission line was laid within a short distance of such reserves. 


NATURAL GAS LIQUIDS 


The A.P.I. and A.G.A. Committees define proved recoverable res- 
erves of natural gas liquids as those contained in the recoverable gas reserves 
subject to being produced as natural gas liquids by separators or extraction 
plants now in operation, under construction, or planned for the immediate 
future, (See next paragraph for recommended practice by ies ol eeror 
purposes of developing reserve estimates, natural gas liquids are definedas 
those hydrocarbon liquids which are gaseous, either free or in solution with 
crude oil in the reservoir, and which are recoverable as liquids by the pro- 
cesses of condensation or absorption which take place in field separators, 
scrubbers, gasoline plants, or cycling plants. Natural gasoline, condensate 
and liquified petroleum gases fall in this category. While the liquids so 
collected and the products derived from them in some of the modern plants 
are known by a variety of names, they should be grouped together under the 
general heading “Natural Gas Liquids". 


Natural Gasoline and Liquified Petrolaum Gases. 


No reserve for natural gas liquids should be set up for a field which 
is allowed to flare the gas produced with crude oil until such time as a 
gasoline plant is actually in operation. For reservoirs or portions of res- 
ervoirs where it is known that no production of natural gas will be allowed, 
except the natural gas produced in association with crude oil, until a gasoline 
plant is installed, and it is evident that it will be economical to install such 
a plant, natural gas liquid reserves should be set up. This would apply to 
wet gas reservoirs, e.g., Pincher Creek, and gas caps in association with 
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crude oil, e.g., Homeglen-Rimbey. In the Home glen-Rimbey field res- 
erves should not be set up for the natural gas liquids in the gas produced 
with crude oil until such time as a gasoline plant is placed in operation. 
However, a natural gas liquid reserve should be set up for the gas cap in 
this field as the Conservation Board would not allow production from the gas 
cap without a gasoline plant. For such fields, the A.G.A.'s practice is to 
assigne a token figure of from 5 to 10 barrels per MMcf(.175 to .35 GPM). 
This figure is revised when the plant actually goes into operation. Inmaking 
our estimates it is felt best to use recoveries based on gas analyses where 
available, using a conservative recovery figure for the L.P.G. products. 


Condensate 


In calculating condensate production, the A.G.A. Committee 
include any condensate recovered in a separator and mixed with crude oil 
as crude oil production, If the condensate is not mixed with crude oil, it 
is reported as a natural gas liquid. The main consideration in this matter 
is that condensate production must not be duplicated, i.e., included with 
crude oil production and also with the natural gas liquids. In calculating 
condensate reserves, it is the A.G.A.'s practice to include the reserve of 
condensate in a gas cap as a natural gas liquid reserve. If a portion of this 
reserve is produced with crude oil, then it is shown as crude oil production, 
The portion of the production which is estimated to be condensate is deducted 
from the condensate reserve. Similarly, only the portion of the production 
which is estimated to come from the oil zone is deducted from the crude oil 
reserve of the pool from which it is produced. 
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Company _ 


ALBERTA 
Anglo American 


British American 


Imperial Oil 


Location 


_of Plant 


Hartell 


Longview 


Nevis 


Pincher 
Creek 


Devon 


__ and Source_ 


NATURAL GAS PROCESSING PLANTS 


Date of 


Raw Material 


Raw Gas and Naphtha 
from Turner Valley Field 


Raw gas from 
Turner Valley field 


Solution gas from Stettler, 
Fenn-Big Valley and 
Erskine fields. 


Raw gas from Pincher 
Creek field 


Solution gas from Leduc- 
Woodbend field 


First 


1934 


1936 


1956 


1957 


1950 


10 


20 


10 


20 


24 


10 


20 


24 


10 


15 


24 


10 


15 


24 


10 


10 


24 


_____—Capacity MMCFGPD- 
__ Gperation '47 '50 '51 '52 '53 '54 '55 '56 '57 


10 10 10 
10 10 7 
= 20 12 
eee GO 
24 24 25 


Principal Products ~ 


Natural Gasoline, 
Isobutane 


Natural gasoline 


Natural gasoline, 
propane, butane. 


Condensate, 
Sulphur 


Natural gasoline, 
LEGS, 


APPENDIX If 


Remarks | 


Absorption tyte 
plant. Residue gas 
to Canadian Western 


Absorption type 
plant. Residue to 
Canadian Western 


Refrigeration type 
plant. Residue gas 
to Canadian Western 


Absorption type 
plant, Ultimate cap- 
acity 240 MMCFGPNn 
Residue gas to 
Trans-Canada. 


Refrigeration type 
plant, Residue gas 
to Northwestern 
Utilities. 


Date of 
First 


Location Raw Material 


Capacity MMCFGPD 
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Se eee ee ee 
jm pany of Plant and Source Operation '47 '50 '51 '52 '53 '54 '55 '56 '57 Principal Products Remarks 
perial Redwater Solution gas from Refrigeration type 


Redwater field 1956 
Progas Limited Winterburn Solution gas from 

Acheson field 1954 

Big Valley Solution gas from 

Fenn-Big Valley field 1954 
Provo Gas Producers Consort Raw gas from Viking 1957 

gas wells in Provost 

field 
Pryalite Turner Raw gas and solution 1933 
Ne Valley gas from Turner 

Valley field 
Shell Oil Cochrane Raw gas from Jumping 

Pound field 1951 


1Q0 


9.5 9.5 Natural gasoline 
LPG's, Sulphur 


_ - - ~ 5 5 5 5 Natural gasoline, 
LPG's, 

- - ~ - 2 2 2 - Natural gasoline, 
LPG's 

oe = me - ~ - - 45 Condensate 


100 100 100 100 100 100 100 100 Natural gasoline, 
propane, sulphur. 


- 35 35 35 60 60 60 90 Natural gasoline, 


condensate, sulphur 


plant. Residue gas 
to local market, 


Absorption type 
plant. Residue 
gas to Northwest- 
ern Utilities, 


Absorption type 
plant, Cperations 
suspended since 
3-12-56, Plant 
partly dismantled. 
Moving to another 
location. 
Refrigeration type 
plant. Residue gas 
to Trans-Canada, 


Absorption type 
plant. Residue gas 
to Canadian West- 
ern. 


Combination absorp- 
tion refrigeration 
plant. Residue gas 
to Canadian West- 
ern. 
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Company 
Texaco 


BRITISH COLUMBIA 


McMahon Plant 


SASKATCHEWAN 
Imperial Oil 


& 


Raw Material 

and Source 

Solution gas from Bonnie 
Glen, wizard Lake, and 
Glen Park fields. 


Location 
of Plant 
Pigeon Lake 


Taylor Flats haw gas from S.E. Fort 
St. John, Montney, 
Stoddard & Portland 


areas. 


Smiley solution gas from 


Coleville-Smiley field 


Date of 
First 
Cperation 
1954 


AUS rey 


1957 


Capacity MMCFGPD 


300 


47 '50 '51 '52 '53 '54 '55 '56 '57 Principal Products 
- 20 20 20 35 Propane, butane, 


natural gasoline. 


Alkylate, sulphur, 
LeGts: 
Natural gasoline 


3 Natural gasoline 
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Remarks 
Absorption type 
plant. Hesidue gas 
to Northwestern 
Utilities. 


The preliminary 
design of the gas 
scrubbing plant 
estimates raw 
liquid production 

at 3500 BPD. Kes- 
idue gas to West- 
coast Transmission, 
sulphur to Jefferson 
Lake Sulphur Co. 


Refrigeration type 
plant. hesidue 
gas to Saskatch- 
ewan Power, 
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